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tHE (wv WINDSOR ==, 
“Clechionic TESTMETER 


ef 

MODEL 170A r 
A highly stable D.C. Valve Voltmeter using 
an external diode probe for R.F. and A.C. 
measurements. Stability and freedom 
from zero drift are ensured by careful 
design and the simplified contro!s make for 
ease in handling. For A.C. mains 
operation, 110-120V and 200 -250V 
40 100c s. 


RANGES 

@ D.C. VOLTS. 0-2.5-10-25-100- 
1,000. 

@D.c. VOLTS x 10. 0-25-100-250- 
1,000-2,500-10,000 | with adaptor). 

@RF., AF. & A.C. VOLTS. 0-2.5-10- 
25-100-250. 

@ A.C. VOLTS x10. 0-25-100-250-1,000- 
2,500 (with adaptor). 

@D.C. CURRENT. 0-100.A-1mA- 
10mA-100mA-1 Amp-10 Amps. 

@ RESISTANCE. 0.5 ohm-1000 megohms 
in 6 ranges using internal battery. 

@DECIBELS. — 22db to + 43db in 5 
ranges. 


EET TIO 


‘fl Y ‘ GQ 
LIST PRICE £22.10.0 WINDSOR“ . 
Please writ? for fur her details x 


and informction on o:her Windsor aol TAYL( RK 


end Taylor products. 


I Py 
TAYLOR ELECTRICAL INSTRUMENTS LTD. Best 07 \ 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND 4 TEST EQUIPMENT 
Telephone; Slough 2138! (4 lines) ° Grams & Cabdles: Taylins, Slough. ee ae 
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afer announce the 


“STEREOPHONIC 
AMPLIFIER 


This new amplifier with triode cathode-coupled output stages 
has the effect of making the reproduction more like the original 
than ever before. A small proportion of this improvement 
results from the reduction of the Doppler effect, which is 
achieved without lowering the damping factor on the speakers, 
with the consequent distortion and transient loss which would 
follow. 


When listening to an orchestra the low frequencies are usually 
heard towards the right, and the high frequencies towards the 
left. ‘When reproduced through the Vortexion “Stereophonic” 
amplifier with low and high frequency speakers suitably spaced 
according to required listening angle, the high and low fre- 
quencies are heard in their relative positions simulating the 
effect and appreciation of the original. 


This speaker placing is necessary because our ears are on a 
horizontal plane. The effect would be lost if our ears were 
positioned one above the other, as can be proved by inclining 
the head sideways. 


Our efforts to achieve “Stereophonic”’ results by the use of 
various choke and capacitor cross-over networks between the 
amplifier and speakers were unsuccessful, due to the large 
variation of speaker impedance at various frequencies, 
unevenly loading the resonant circuits. 


After many months of research we finally achieved our aim 
with what is basically two special low-distortion, high damping 
factor amplifiers in one, each covering a portion of the audio 
spectrum with a sharp cut per octave at change-over frequency. 
The acoustical efficiency of the bass and treble speakers may 
vary, so a balancing control is fitted to the amplifier. This 
simplifies the choice of speakers, since each speaker has only a 
narrow frequency coverage. 


The “Stereophonic” amplifier is now in production, and we 


invite you to hear a demonstration of what we believe to be 
something new and which will add to your enjoyment of music. 


Chassis complete with valves 


Price 363 guns. 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, | S.W.19 
Telephones: LIB 2814 and 6242-3 Telegrams: ‘‘ Vortexion, Wimble, London” 
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CLASSIFIED ANNOUNCEMENTS 


The charge for,these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘‘Situations Wanted’? when it is added free of charge. 


advertisement. 


Box number 2/- extra, except 
A remittance must accompany the 


Replies to box numbers should be addressed to: Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand, 


London, W.C.2 and marked “‘Electronic Engineering.’”” Advertisements must be received before the 10th of the month for insertion 


in the following issue. 





___OFFICIAL_ APPOINTMENTS aoe 
Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control; of 
Engagement Order, 1947. 


B.B.C. invites applications for a number of posts in 
the Planning and Installation Department (Engineering 
Division) in London. Applicants should have a good 
basic knowledge of Electrical Engineering and of 
Television. A University Degree in Electrical 
Engineering, or its equivalent, is a desirable qualifica- 
tion. The duties of each post will include the prepara- 
tion of appropriate specifications for the manufacture 
of equipment as detailed, the supervision of its 
installation and subsequent acceptance tests, together 
with the conduct of office ccrrespondence relating 
thereto. (a) Five Engineers in the Studio Section : 
For one of these posts preference will be given to 
applicants who have had practical and operational 
experience of television equipment used for recording 
and transmitting television on film. Applications may 
be considered from engineers without practical 
television experience if they have had a wide experience 
of cinematography and have made a study of the 
advanced principles of television. The successful 
applicant will be required to undertake work with 
cinematographic equipment generally and television 
recording on film and reproduction from film. For 
two of these posts applicants should have a considerable 
practical or operational experience with television 
cameras and associated equipment, apparatus for 
scanning film, etc. The duties include planning the 
installation of such equipment. For the remaining two 
posts applicants should preferably have had some 
practical experience of television equipment used for 
studio or outside broadcast or equivalent purposes. 
Applications may be considered from engineers without 
practical television experience if they have had a 
wide experience of sound equipment for studio purposes 
and have made a study of the principles of television. 
The salary for each of the first three posts is in a grade 
with annual increments of £35 and a maximum salary 
of £785 per annum, while the salary for the last two 
posts is in a grace with annual increments of £30 and 
a maximum salary of £680 per annum. (b) One 
Engineer in the Radio Section: Applicants must have 
a specialised knowledge and experience of U.H.F. and 
Microwave transmission equipment, including the 
technique of wave guides and highly directional 
antenna systems for use on these frequencies. They 
must also possess a wide background experience of the 
principles and practice of radio engineering generally 
and must be fully conversant with the technique of 
television transmission. The successful applicant will 
be required to plan the development of mobile link 
Stations for television purposes in all their aspects, 
including the use of mobile generator and conversion 
plant and other ancillary apparatus. The salary for 
this post is in a grade with annual increments of £35 
and a maximum salary of £785 per annum. Applica- 
tions, stating age, qualifications and experience, and 
endorsed according to the post applied for, should reach 
the Engineering Establishment Officer, Broadcasting 
House, London, W.1, within seven days of the 
appearance of this advertisement. 


THE CIVIL SERVICE COMMISSIONERS give 
Motice of a Supplementary Reconstruction Competition 
for pensionable appointment to the Assistant 
(Scientific) Class. Candidates must have attained 
9} 18 by rst August, 1949, and must produce evidence 
of thorough experience in the duties of the class gained 
by service in a Government Department or other 
tivilian scientific establishment or in technical branches 
of the Forces, covering a minimum of two years in 
one of the following groups of scientific subjects :— 
1) Engineering and Physical Sciences. (2) Chemistry, 
io-chemistry and Metallurgy. (3) Biological Sciences. 
(4) General (including Geology, Meteorology, general 
work ranging over two or more of groups (1) to (3) and 
highly skilled work in laboratory crafts such as Glass- 
blowing). Candidates born on or after rst January, 
1917, must in addition produce evidence of having 
Teached a prescribed standard of education, par- 
ticularly in a Science subject. Salary for Assistant 
Grade, £195-£380 (men), £195-£320 (women) ; Senior 
Assistant Grade, £400-£550 (men), £330-£440 (women) ; 
; Tather less outside London. Opportunities for pro- 
Motion to higher grades. Further particulars and 
 earterte forms from the Secretary, Civil Service 
ission, Scientific Branch, 27 Grosvenor Square, 
London, W.1. Completed application forms must be 
LW teturned by 31st May, 1949. 


A 





ROYAL NAVY. Short Service Commissions in the 
Electrical Branch. Short Service Commissions of five 
are offered in the Electrical Branch of the Royal 

avy to ex-R.N.V.R. officers under 35 years of age on 
1st January, 1949, who served in the Torpedo, Special, 
Electrical or Air Branches and were employed on 
technical duties connected with radar, wireless, air 
radio, air electrical or ships’ electrical equipments. 
Candidates will be entered in the substantive rank held 
on release, with seniority adjusted by the time out of 
the Service. Promotion will be in accordance with 
the regulations in force at the time for R.N. officers 
(e.g. a Lieutenant (L) is at present eligible for promotion 
to Lieutenant-Commander (L) at eight years’ seniority). 
Officers who complete the full period of five years on 
the Active List will be eligible for a gratuity of £500 
(tax free). ge, f rates of pay are as follows :— 
Sub-Lieutenant (L), 13s.; Lieutenant (L) on pro- 
motion, 17s., after two years, 19s., after four years 
I 48., after six years, {1 6s.; Lieutenant-Commander 
L) on promotion, £1 12s., thence in biennial increments 
of 2s. per day to a maximum of {£2 2s. Marriage 
Allowance of £337 per annum if aged 25 or over, or 
£146 if under 25, is payable, and accommodation and 
rations are provided free, or allowances in lieu. 
Apply to the Director, Naval Electrical Department, 
Admiralty, Queen Anne’s Mansions, London, S.W.1, 
for fuller details and application forms. 


MINISTRY OF SUPPLY invites applications for 
following unestablished posts at the Tropical Testing 
Establishment, Nigeria :—(1) Senior Scientific Officer 
to lead a group of Physicists and Engineers studying 
effect of tropical conditions on Service materials and 
equipment. Candidates must have a good Honours 
Degree in Physics or Electrical Engineering, with 
experience of radio communications or of methods of 
physical and mechanical testing. (2) Scientific Officer 
to work on analytical or bio-chemical investigations 
into deterioration of equipment under tropical con- 
ditions. Candidates must have a good Honours Degree 
in Chemistry, with experience of micro-analysis or 
bio-chemistry. Starting pay will be assessed on age, 
qualifications and experience within the following 
ranges (men only):—Senior Scientific Officer, 
£700-£900 ; Scientific Officer, £400-£650. Posts carry 
F.S.S.U. benefits. Foreign service allowance varying 
from {£200-£680 per annum also payable. Write, 
quoting A.403/48;A for the S.S.O. (Physicist) or 
F.429/48/A for the S.O. (Chemist), to Ministry of 
Labour and National Service, Technical and Scientific 
Register (K), York House, Kingsway, London, W.C.2, 
for application form, which should be returned 
completed by 9th May, 1949. 


B.B.C. invites applications for a 
appointments as Engineers and Physicists in the 
Engineering Research Department, based at Kings- 
wood, Surrey. The posts cover a wide range of 
scientific research and development in acoustics, 
low-frequency and high-frequency engineering as 
applied to sound and_ television broadcasting. 
Candidates must have obtained a First- or Second-Class 
Honours Degree in a Scientific or Engineering subject 
or in Mathematics, or an equivalent qualification, or 
possess high professional attainments. The grades of 
appointment have salary maxima as follows :—{680 ; 
£890; £1,100; £1,360; and £1,610 per annum. The 
starting salaries in each of these grades will be assessed 
in accordance with qualifications and experience. 
Applications should be forwarded to the Engineering 
Establishment Officer, Broadcasting House, London, 
W.1, and should state age, qualifications, experience 
and the grade of post applied for. 





SITUATIONS VACANT 


REQUIRED by a large engineering firm in Lancashire, 
Technicians experienced in the operation of high 
frequency induction equipment for the hardening of 
steel and for brazing, and in the construction of the 
necessary coil and quenching equipment. Write 
stating age, experience, and salary required to Box 
457, E.E 


TELEVISION Assembly Line Foreman required by 
expanding manufacturer in North West London area. 
Applicants must have ability to organise female 
labour and have extensive and recent experience of 
quality mass production of television receivers. A 
permanent post and § salary for a man with the 
right qualifications. Box 464, E E. 


number of’ 


BUSH RADIO LIMITED. Applications are invited 
from experienced radio engineers for the following 
positions : (a) Development work on communications 
and domestic radio receivers; (b) Development 
work on test gear for quality control television pro- 
duction and laboratory use. Apply in writing only, 
giving age, details of experience, qualifications, salary 
required, etc., to the Labour Manager, Bush Radio 
Ltd., Power Road, Chiswick, W.4. 


WE ARE CONTINUALLY requiring qualified 
Physicists and experienced Research and Development 
Engineers, Draughtsmen (Senior and Junior) for radio, 
television, radar, electronics, speakers ; B.Sc. or H.N.C. 
preferred ; also Technical Representatives, Inspectors, 
Repairers, Service Engineers, etc. Technical Employ- 
44 Agency, 179 Clapham Road, S.W.9. (BRIxton 
3487.) 


DEVELOPMENT ELECTRICAL ENGINEERS 
with design experience of tropicalised components, 
radar, radio communication, television, audio- 
frequency or magnetic recording equipment, are 
needed to fill progressive positions. Hualifications : 
Degree, or equivalent, in Engineering or Physics, and 
several years’ design experience. Age 30-35. Starting 
salary, £500 to £800, according to qualifications, 
experience and responsibility. There are also vacancies 
for junior qualified applicants. Send full details of 
experience and qualifications to Personnel Department, 
E.M.I. Engineering Development, Ltd., Blyth Road, 
Hayes, Middlesex. 


GRADUATE LECTURER in Mathematics required 
for E.M.I. Electronics College. Applicants should 
possess a good Degree in Mathematics with Physics, 
and have knowledge of Radio. Duties include lecturing 
to City and Guilds Mathematics for Telecommunica- 
tions V standard. Commencing salary, according to 
age, qualifications and experience, not less than the 
appropriate Burnham (Technical) Scale for London 
district. Superannuation benefits in addition. Apply, 
giving fullest possible particulars, to Professor H. F. 
Trewman, M.A.(Cantab.), M.I.E.E., M.1I.Mech.E., 
M.Brit.I.R.E., E.M.I. Institutes Ltd., 43 Grove Park 
Road, London, W.4. 


CHIEF ESTIMATOR required by substantial West 
of England Engineers manufacturing electronic and 
other light electrical apparatus and precision instru- 
ments. Applicants must have wide experience of 
estimating this class of manufacture for sales and also 
of operation planning and rate-fixing. Salary com- 
mensurate with experience. Details of experience and 
salary required to Box 487, E.E. 


SALES MANAGER required by substantial pro- 
gressive West of England Engineers manufacturing 
electronic and other light electrical apparatus and 
precision instruments. Applicants must be Engineers 
with extensive experience of sale of these products in 
Home and Export markets, advertising and press 
publicity. Good salary and prospects to man of 
initiative and proven ability. Details of experience to 
Box 485, E.E 


ENGLISH ELECTRIC CO. LTD., Stafford, 
require urgently Electronic Draughtsmen of all grades 
for research, development and production Drawing 
Offices. Experience in this field essential. Good con- 
ditions and prospects. Please quote Ref. D.0.53 when 
sending full details to Central Personnel Services, 
English Electric Co. Ltd., 24/30 Gillingham Street, 
London, S.W.1. 


DESIGNER for small transformers, preferably with 
knowledge of the application of transformers and chokes 
to radio circuits. Merseyside area. State age, 
qualifications and present position and quote Box 491, 
E.E. 


SIEMENS BROTHERS & CO. LTD., Ref. 715/13, 
Woolwich, S.E.18, invite applications for posts as 
Senior Engineers in the line telephone transmission 
laboratory. Suitably qualified applicants only should 
write, stating details of experience and salary required. 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





DEPUTY DIVISION HEAD required for laboratory 
responsible for development of carrier current telephone 
and multi-channel telegraph equipment. Replies from 
those with suitable experience should give qualifica- 
tions and salary expected. Permanent and pensionable 
position with good prospects. Box 522, E.E. 


LOW POWER radio transmitter design engineer 
required. Qualifications Engineering or Physics 
Degree or equivalent and industrial experience of 
transmitter design. Salary according to qualifications 
and experience. Pensionable position on permanent 
staff. Box 523, E.E 


ENGINEERING REPRESENTATIVE for leading 
London automobile radio equipment producers. 
Only applicants with sound technical training and 
experience in comparable field need apply. Excellent 
prospects; salary according to experience. Box 521, 


+. 


DEVELOPMENT ENGINEER. A vacancy occurs 
in the laboratory of a well-known Lamp Company in 
the North for a young Graduate Electrical Engineer or 
Physicist, able to work on the design of control equip- 
ment associated with discharge lamps, and preferably 
with some experience of high vacuum technique. 
Reply to Box 515, E.E 


GOVERNMENT DEPARTMENT situated in North 
Bucks., has a vacancy for Electronic Engineer experi- 
enced in design and operation of U.H.F. and micro- 
wave equipment. Salary up to {£525 per annum, 
according to age and qualifications. Hostel 
ee available if required. Write Box 5009, 


DRAUGHTSMEN wanted by old-established firm at 
their Research Laboratories at Borehamwood, Herts. 
Must be experienced in the layout of wiring of com- 
ponents for Radio and Intercommunication apparatus. 
Apply, stating experience, age and approximate salary 
required, to Box 510, E.E. 


DRAUGHTSMEN, Senior and Junior, required in 
Development Drawing Office for new and expanding 
project by large manufacturer in East London area. 
Applicants should have had thorough Drawing Office 
training in Electronics or Light Electrical Engineering. 
Please state full details, including salary required, to 
Box 519, E.E 


YOUNG DEVELOPMENT ENGINEER, National 
or Higher National Certificate standard, for work on 
relays and similar equipment. Previous experience 
desirable. Write, stating age, experience and salary 
required, to Box 493, E.E 


ELECTRONIC ENGINEERS, preferably with 
factory experience, are required by works situated on 
the Treforest Trading Estate near Cardiff. Knowledge 
of the basic principles of design essential. Salary 
£350-£500. Full details cf training and experience to 
Box 520, E.E. 


ENGINEERS with an Honours Degree in Electrical 
Engineering or Physics, required in the development 
laboratory of a large company engaged on radio com- 
munications work. Full details of technical education, 
with age and salary required, should be addressed to 
Box 496, E.E. 


ELECTRIC DISCHARGE LAMPS and Fluorescent 
Tubes. Qualified Technician required for large lamp 
factory in North of England, able to take charge of 
technical and quality control, and organise work of 
junior staff. Graduate preferred and several years’ 
experience of similar work essential. Good remunera- 
tion and prospects for man of proved ability. Send 
7 rd of training and experience to Box 526, 


SENIOR DESIGN DRAUGHTSMAN for 
mechanical design of television receivers, must have 
had three years’ experience in similar capacity, radio 
or television. Salary, £450 to £550. Minimum age, 25. 
Write Personnel Manager, Sobell Industries Ltd., 
Langley Park, Langley, Bucks, stating qualifications 
and experience. 


SENIOR SCIENTIFIC OFFICER. The Telegraph 
Construction and Maintenance Co. invite applications 
for senior position in Radio-frequency Electrical 
Research Laboratory. Honours Degree in Physics or 
Engineering, with practical experience in electrical 
measurements essential. Some knowledge of radio 
desirable. Age about 30. Good prospects and salary 
for the right man. Contributory Pensions Scheme. 
Another position, in similar conditions to above, for 
work on plastic power cable. Some knowledge of 
behaviour of dielectrics under high electrical stresses 
essential. Write in the first instance, to Personnel 
Manager, Telcon Works, Greenwich, S.E. 10, giving 
age and details of training and experience. 
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THE UNIVERSITY OF MANCHESTER, Fluid 
Motion Laboratory. Applications are invited for the 
post of Lecturer, with qualifications in Electronics, in 
the Fluid Motion Laboratory. The Lecturer will be 
required to undertake research on Air Flow, making 
use of and developing new electronic methods for this 
work. Qualifications and experience in Electronics are 
essential, but experience in problems of air flow is not 
necessary. The salary scale of Lecturers is from £500 
to £800 per annum. The initial salary will be according 
to qualifications and experience. All applications must 
be sent not later than 31st May, 1949, to the Registrar, 
The University, Manchester 13, from whom further 
particulars and forms of application may be obtained. 


THE MULLARD Radio Valve Company require 
Bs.Sc. or equivalent, age 20-35 years, for posts in 
expanding Development and Production Departments. 
Some works experience an advantage as the vacancies 
are for ultimate senior supervisory posts. Salary 
according to age, experience and _ qualifications. 
Apply, giving full details, to the Works Personnel 
Officer, The Mullard Radio Valve Company, Ltd., New 
Road, Mitcham Junction, Surrey. 


ELECTRONICS MECHANIC required for the 
Physics Laboratory of the Natural Philosophy Depart- 
ment, University of Aberdeen. Essential qualifications 
are: experience in layout and construction of complex 
apparatus from theoretical diagrams ; ability to design 
simple circuits to specification; some general workshop 
experience, turning, etc. Applicant must be able to 
work without supervision. Salary, £350 by £15 to 
£410. Application should be sent to the Secretary, 
University of Aberdeen, Scotland. 


RADIO TESTERS and Fault Finders for Television 
Test Department, required by leading manufacturers. 
Applicants must be prepared to reside in the Midland 
area. Write, stating age, experience and salary 
required, to Box 500, E.E. 


SENIOR ENGINEER required for Electronic 
Instruments Department to develop microwave and 
U.H.F. measuring equipment. Reply, stating full 
details of experience and qualifications, to Box 492, 


CIRCUIT ENGINEER. A well-known London firm 
has a vacancy for a competent Circuit Engineer in their 
Transmitting Valve Section. Successful applicant 
must be capable of designing and building oscillatory 
test gear for both air- and water-cooled valves; also 
carrying out experimental work in connexion with 
valve applications at frequéncies up to 100 megacycles. 
Experience in the high frequency heating field an asset. 
Write, stating qualifications, experience, age and salary 
required, to Bex 495, E.E. 


PRACTICAL RADIO ENGINEERS with extensive 
experience of communications equipment, required by 
Development Laboratory of radio manufacturer. 
Applicants must have at least five years’ experience on 
the development of radio communications equipment 
and adequate technical knowledge. State age, experi- 
ence and salary required, to Box 497, E.E. 


APPOINTMENT as Departmental Chief of Depart- 
ment engaged on development of microwave radio is 
offered by large Company in East London area, 
Applicants must have an Honours Degree in Electrical 
Engineering or Physics, and must have research 
experience in connexion with microwave radio or 
allied work. Kindly state full details, including salary 
required, to Box 498, E.E. 


TECHNICAL SALES ENGINEER required by 
manufacturer of television components to act as 
liaison between the Company and its customers. 
Applicants must have technical qualifications to Degree 
standard and comprehensive knowledge of the television 
industry. Kindly write, stating full details, to 
Box 499, E.E. 


LARGE ENGINEERING FIRM in South London 
has vacancy for a Draughtsman experienced in design 
of components preferably concerning electro. medical 
apparatus. Must understand and be capable of circuit 
layout. Some technical knowledge preferred. Apply 
to Box EE44, L.P.E., 110 St. Martin’s Lane, W.C.2. 


ENGINEER with experience in Measurements at 
R.F. or U.H.F. required by Electronic Instruments 
Department of the Plessey Company Limited, Ilford. 
State full details of qualifications, experience and 
salary required, to the Personnel Manager. 


THE FAIREY AVIATION COMPANY LTD., 
Hayes, Middx., requires Engineers with experience of 
electro-mechanical servomechanism control circuits 
or auto-pilot design for Research Divisions, U.K. and 
Australia. Applicants should be capable of under- 
taking research and development work on the above. 
University Degree or equivalent an advantage. Apply 
Personnel Manager. 


May, 1949 


WOOLWICH POLYTECHNIC, Woolwich, S.E.18, 
Physics and Telecommunications Department. The 
Governing Body invite applications for the post of 
Laboratory Steward (Physics Department) to assist 
in the work of preparation and maintenance for classes 
to Final Degree standard. A knowledge of radio would 
be an additional qualification. Salary, £275 by £20 to 
£355. The post is permanent and so provides for 
pension under Superannuation Scheme, payment for 
absence through illness, pay for holidays (two weeks 
Summer, Whitsun and Easter four days each), and use 
of Refectory for meals, etc. It may be possible to start 
the salary at a point above the minimum if possessing 
similar or equivalent experience. Applications, stating 
age and experience, should be sent to the Clerk of the 
Governors. 


FIRST-CLASS Radio Engineers with experience of 
communications equipment, required for Development 
Laboratory of large Company. Applicants should 
have a Degree in Physics or Electrical Engineering 
and experience in the radio field. State full details, 
including salary required, to Box 494, E.E. 


ELECTRONICS ENGINEER, capable of design, 
experimenting and developing industrial circuits, 
Windsor area. State full particulars, age and salary 
required. Box 512, E.E. 


CHIEF DRAUGHTSMAN required to take charge 
of Drawing Office engaged on development and pro- 
duction of electronic equipment in Midlands. Must be 
fully experienced electronic draughtsman capable of 
leading a team of draughtsmen. Please quote Ref. 
D.0.54 and send full details and salary required to 
Box 517, E.E 


STAFF of the following grades, experienced in Physics 
or Electronics, Electrical or Mechanical Engineering 
design and development, are required by a Company 
opening up new laboratories to undertake advanced 
and important development work. Attractive salaries 
with an agreement covering three to five years will be 
offered to fully qualified Degree standard applicants, 
Assistance will be given to senior staff to enable them 
to purchase houses in the locality, which will be in the 
South of England. Applicants of British Nationality, 
must submit fullest details of education, qualifications, 
experience and age, stating married or single, and must 
indicate the position for which application is being 
made. It is required to form a team having the 
following composition: Chief Scientist, 1 appoint- 
ment; Chief Mechanical Engineer, 1 appointment; 
Principal Scientific Officers, 3 appointments; Senior 
Mechanical Designers, 2 appointments; Senior Scien- 
tific Officers, 3 appointments; Experimental Officers, 
5 appointments; Junior Engineers, 9 appointments ; 
Chief Draughtsman, 1 appointment; Draughtsmen, 
8 appointments. Applications should be addressed to 
A.D.L., Box 503, E.E. 


UNIVERSITY GRADUATES are required now, 
and new openings will occur during the next six 
months, at the Research Laboratories of the General 
Electric Co. Ltd., East Lane, North Wembley, Middle- 
sex. Physicists, Mechanical and Electrical Engineers 
and Physical Chemists are needed for research and 
development work. Details of vacancies will ve sent 
to applicants who write to the Personnel Officer, 
stating age, academic qualifications and experience. 
Both Senior and Junior Graduates will be considered. 


DEVELOPMENT ENGINEER required for develop- 
ment of electronic control and recording equipment. 
Must possess Honours Degree in Physics or Engineering 
and have practical experience. Salary according to 
qualifications. Brown Brothers and Co. Ltd., Rosebank 
Ironworks, Edinburgh, 7. 


CHIEF INSPECTOR required for factory specialising 
telecommunications apparatus, and light engineering. 
Applicants to be conversant with most modern methods 
inspection, test and quality control. Accustomed to 
control of skilled, and training of unskilled male and 
female labour in inspection methods. Location, 
Dartford area. Write, in confidence, stating age, 
experience and qualifications and salary required, to 
Box 505, E.E. 


COMMUNICATIONS ENGINEER required to take 
charge of expanding development laboratory. Appli- 
cants should preferably have technical qualifications 
to Ph.D. or D.Sc. standard, but applicants having 
B.Sc.(Hons.) in Physics or Electrical Engineering will 
be considered. Civilian or Forces experience in the 
design of radio communications equipment operating 
in H.F. and S.H.F. wave-bands is essential. A four- 
figure salary will be paid to a man over 35 having the 
required qualifications and personality. Kindly state 
full details to Box 511, E.E 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





WORKS ENGINEER required for factory engaged 
in light engineering industry. Applicants to have 
had wide experience in this class of work and capable 
of assisting in the designing and planning of plant 
required on modern mass-production lines; to have 
had experience in the control of labour in all depart- 
ments connected with factory maintenance. Location, 
Dartford area. Write, in confidence, stating age, 
experience, qualifications and salary required, to 
Box 506, E.E. 


MACHINE SHOP SUPERINTENDENT required, 
accustomed to the control of department comprising 
autos, capstans, presses, etc., fully conversant with 
the control of male and female labour and skilled 
personnel connected with these departments. Experi- 
ence of welding and spraying an advantage. Location, 
Dartford area. Write, in confidence, stating age, 
experience, qualifications and salary required, to 
Box 507, E.E 


SENIOR FOREMAN required. Applicants must 
have had extensive experience in the training and 
control of labour producing commercial telecommunica- 
tions equipment and similar apparatus for Government 
contracts and capable of laying out and setting up in 
the most modern fashion mass-production lines. 
Location, Dartford area. Write, in confidence, stating 
age, experience, qualifications and salary required, to 
Box 508, E.E. 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY (City and Guilds College). Lecturer 
in Electronics required in Electrical Engineering 
Department. Industrial or analogous experience, 
preferably in the research side, is essential. Com- 
mencing salary, {500 per annum, with Federated 


Superannuation. Applications with full details of 
ualifications to Head of Electrical Engineering 
epartment, City and Guilds College, Exhibition 


Road, London, S.W.7, not later than 30th May, 1949. 


THE UNITED BIRMINGHAM HOSPITALS. 
Assistant Laboratory Technician required in the 
Physics Workshop. The workshop is well equipped 
with lathe, precision lathe, milling machine, drilling 
machines, and is making apparatus for the Radio- 
therapy Department. Candidates must have had a 
sound mechanical training, and experience with plastics 
and assembling radio equipment will be useful. Com- 
mencing salary on the scale £300 by {15 to £390. 
Application, with two testimonials, should be made 
before 14th May, to the undersigned: G. Hurford, 
Secretary, Queen Elizabeth Hospital, Birmingham, 15. 


ESTABLISHED MANUFACTURER in Wembley 
district requires for its Electro Acoustic Laboratory a 
Research Engineer with a sound knowledge Electronics 
and Electro-magnetism. Must have good training and 
experience and be capable of hard thinking and original 
inventive work. Laboratory is well equipped and has 
tool-room facilities. Most interesting work. Salary 
£500-£600 per annum. Write full details age, experi- 
ence, etc. Box 514, E.E. 


ASSISTANT to Service Manager of Radio Manu- 
facturing Firm required in London, aged between 
23 and 30. Technical radio experience in Forces or 
with radio manufacturers or large group retailers. 
Organisation and ability to deal with correspondence 
essential. Suitable to ex-Service. radio officer of 
Secondary School educational standard. Box 524, E.E. 


TOOL DESIGN and Planning Engineer. Fully 
experienced in the most up-to-date methods of tool 
design and process layout. Capable of controlling new 
products from rough design stage through estimating, 
tooling, ratefixing, to production line. Similar experi- 
ence in light engineering and radio industry essential 
for factory situated London area. Write, in confidence, 
giving full particulars of experience, qualifications and 
salary required, to Box 525, E 


RADAR SERVICE ENGINEERS required by 
London firm specialising in Marine Radar. Applicants 
should be ex-Army Staff Sergeants or Navy P.O. 
ee. with experience Service radar and passed 
long radar course. Good pay, prospects and travel. 
Write Box 527, E.E. 


LARGE ELECTRICAL ENGINEERING firm in 
South London with International connexions, has 
vacancy for responsible Senior Design Engineer. 
Applicants must have first-class experience in develop- 
ing 50 cycle and A.F. electronic equipment to pro- 
duction stage and a feeling for light mechanical designs. 
University Degree preferred. Very interesting per- 
manent appointment. State age and salary required. 
Box E.E.80, L.P.E., 110, St. Martin’s Lane, W.C.2. 


Electronic Engineering 


TECHNICIAN, with experience in Electronics, Radio 
or Radar, is required to assist in the design, construc- 
tion and maintenance of laboratory and process control 
electronic instruments. Applications, giving experience 
and salarv required, to be marked “ Personal” and 
addressed to the Chief Metallurgist, The Yorkshire 
Copper Works, Ltd., Pontefract Road, Leeds. 


EXPERIENCED DESIGNER DRAUGHTSMAN 
age 28/49 for development and design of telegraph 
instruments and other light electro-mechanical 
mechanisms. Applicants must have practical outlook, 
sound workshop experience and be used to working on 
own initiative. Education to H.N.C. standard. 
Beckenham area. Salary up to {600 p.a. Apply 
giving full particulars to Box 528, E.E. 





SITUATIONS WANTED 


ADVERTISER able to construct all types valve- 
operated equipment from diagram only, carry out 
designer’s ideas, make final diagrams, etc., desires post ; 
willing, adaptable. Box 486, E.E. 

ELECTRICAL ENGINEER, with 18 _ years’ 
experience of electric furnaces and control equip- 
ment, desires post with first-class firm manufacturing 
or using such plant. Box 477, E.E. 


CHIEF ELECTRONIC ENGINEER 
A.M.Brit.I.R.E., at present with well-known company 
engaged in industrial electronic equipment, design 
and manufacture, would like a change to a progressive 
firm; 24 years’ experience in radio, communication 
engineering and electronics ; good organising ability. 
Box 513, E.E. 





EDUCATIONAL 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY, Electrical Engineering Department. 
Full-time post-graduate courses will be available for 
the sesson starting in October, 1949, in the subjects of 
Electronics and Electrical Communications, and Power 
System Analysis; these courses are conducted in 
close association with the research activity of the 
Department. Full particulars may be obtained from 
the Deputy Registrar, City and Guilds College, 
Exhibition Road, S.W.7. 


A.M.L.E.E., City and Guilds, etc., on ‘‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details ot modern courses in all branches of 
Electric] Technology send for our 112-page handbook 
—FREE and post B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 





SERVICE 
LOUDSPEAKER repairs, British, American, any 
make, moderate  prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. 


RADIO MANUFACTURERS can _ undertake 
development and assembly of radio or electronic 
equipment. Winding shop with vacuum impregnation 
om Ample space and labour available. Box 316, 


COMMERCIAL SECURITY AGENCY. Status, 
commercial, inquiries. Kershaw, 24 Museum Street, 
London, W.C.1. 





MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups. speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street London, 
W.C.2. GERrard 4447. 


FULLY EQUIPPED Model Shop available to handle 
all classes of electronic instrument work. Prompt 
completion of Production Test equipment, etc. Circuit 
diagram and brief specification only required. Quota- 
tion and delivery date within three days. Quantities 
1-25 instruments. Development work also undertaken 
for electronic/mechanical equipment. High-grade 
workmanship and accurate performance is guaranteed. 
Spencer-West (S.S. West), Quay Works, Gt. Yarmouth. 





PATENTS 


THE PROPRIETOR of British Patent No. 557,675, 
relating to ‘‘ Improved Device for Measuring Force 
Electrically,” is desirous of entering into arrangements 
by way of licence or otherwise on reasonable terms for 
the De se of exploiting the same and ensuring its 
full development and practical working in this country. 
Interested parties who desire a copy of the Patent 
Specification and further particulars should apply to 
S. E, Matthews of 14-18 Holborn, London, E.C.r. 


May, 1949 


FOR SALE 


WEBB'S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion ; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post gd. 


IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
soldering tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 
rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 


8-WAY HIGH VOLTAGE “ Jones’ type Plugs and 
Sockets, with crackle covers, 1s. 6d. pair complete, 
12s. dozen pairs, £3 10s. per 100 pairs, carriage paid, 
Jack Porter Ltd., College Street, Worcester. 


A QUANTITY of Type r1ooL Variacs 2 KVA. 


Thoroughly inspected and tested. 8 gns. each, 
carriage extra. Box No. 452, E.E. 
CHASSIS, panels, racks and metal cabinets. Stock 


sizes or made to specification in steel or aluminium, 
Wrinkle finishes available. _Reosound Engineering 
and Electrical Company, Coleshill Road, Sutton 
Coldfield. 


FERRANTI7.5 KVA VOLTAGE REGULATORS, 
moving coil. Input, 200-250V+8% to —12%, 45 to 
66 c/s. Output, 200-250V+4%, frequency compen- 
sated ; new and unused, with handbook. Offered at a 
fraction of cost price to clear. Box 474, E.E. 


CAPACITORS—paper dielectric in rectangular 
metal cans. 2uF 500 volts D.C. and 1yF 1,000 volts 
x In unused condition. Approximately 1,400 for 
disposal. Radio frequency cable by B.I. Cables, 
7/.022 and 3/.018 low capacity twin semi-air-spaced 
dielectric cable with star-shaped core. Approximately 
4,000 yards for disposal; also coaxial solid dielectric 
cable in sizes 1/.128, 1/.029, 7/.032, 1/.056. John 
Cashmore Ltd., Great ‘Bridge, Tipton, Staffs. 


I.F.Ts. 465, 6s. pr.; 3 W.B. Coil Pack Kit, L.M.S. or 
M.S.S., gs. 6d. ; 8uF 450V, 2s.; 100 pF +100 pF, 2d.; 
Eyelets, etc., 1s. gross; 0.2 amp 717 ohms tapped 
Droppers, 1s.; Mains Transformers, 16s. 6d.; 50 pF 
Trimmers, 4d.; Knobs, 4d. Send for cheapest list in 
England. Sussex Electronics Ltd. (T), Riley Road, 
Brighton. Tel. 4446. 


ELECTRON MULTIPLIER PHOTOCELLS, gas- 

filled triodes and tetrodes, cold cathode tubes, position 

indicating mechanism, etc., available from stock. Send 

a. - new lists. A. McMillan, 5 Oakfield Road, 
ristol, 8. 


COMPLETE TELEVISION KIT, Superhet, 9.0 in’ 
tube, Gardner Transformers, £22. Connoisseur P.U.. 
G.E.C. Motor, £6. Box 516, E.E. 


**ELECTRONIC ENGINEERING,” 1941-1949, 
£7: offer, Terman {1; others cheap. Wrighton, 179, 
Wickham Street, Welling, Kent. 


EX-ADMIRALTY, 0.75 K.V.A. 
230/230 with totally screened secondaries. 
75 lb. 4 gns. each. Box 504, E.E 


15-INCH TELEVISION Tube for sale, new, unused, 
£15. White mask, line output transformer, focus and 
deflector coils (all new E.M.I.), also available. Box 
518, E.E. 

MAGSLIPS and Selsyns, including Transmitters, 
Receivers, Resolvers, etc. Selsyn with torque up to 
45 lb. per inch. Send for list, Hopton Radio, 1 Hopton 
Parade, Streatham High Road, London, S.W.16. 
STReatham 6165. 


Transformers, 
Weight, 





WANTED 


CARRIER TELEPHONE and Telegraph Equipment 
of all types in any condition wanted ; also Teleprinter 
or Teletypewriter apparatus. Harris and Gillow, 93 
Wardour Street, W.1. 

VACUUM GAUGE or Gauges, reading 10 to 10- mm. 
Hg, also Pyrex domed chamber suitable blooming. 
No fancy prices. Box 502, E.E. 





INDEX TO ADVERTISERS 
SEE PAGE 36 
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Providing technical 


to our products and the suppression of electrical 


‘¢Costly aerials unnecessary 
in many areas ’”’ 


This heading appeared recently in 
certain Midland newspapers and we 
heartily agree. There is no doubt that 
in the London area many ‘“‘ H”’ type 
aerials™ were erected because of their 
snob appeal, the resulting signal being 
so strong that attenuators had to be 
fitted to reduce signal input. 

So very much depends upon the site. 
We have always said that the “H” 
type should be used more often to 

reduce the 
ick-up of 
interfer ence 
rather than to 
boost the sig- 
nal. We do 
most sincerely 
ask readers to bear in 
mind that the “ Vee- 
rod ’’** indoor or out- 
door (as illustrated) or 
a ‘* Doorod ”’* used 
as a ‘“‘ Veerod,” are 
both directional, with 
sharp minima _ at 
right angles to their 
axes, whereas a single 
dipole is without direc- 
tional properties. 








_ Television Aerial Performance 


After an examination of television 
receiver sensitivities for peak vision 
white it would appear that the 
tr lie between 100 and 200 micro- 
volts. 

Taking 150 microvolts as a repre- 
sentative figure and using the latest 
B.B.C. field strength contour map, it 
is_now possible to give for various 
“* Belling-Lee ” aerials, the range at 
which good reception should be almost 
certain. Since the B.B.C. field 
strengths on a given contour can vary 
£10 db the most pessimistic field 
strengths are firstly used for giving the 
more certain range, 

In the second column are given the 
distances when the higher field strength 
is encountered. 

These tables will explain why un- 
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information, service and 


expected ranges are often encountered. 
All these figures are for two-storeyed 
houses. Greater ranges are to be 
expected on taller buildings. 


Corroded Aerials 


We know only too well that since 
the war we have not been able to 
maintain the same high standard of 
finish that we could demand in pre- 
war days. Many hundreds of our 
pre-war ‘“‘ Skyrod’’** and_ television 
aerials are still giving good service; 
they had double plating, both zinc and 
cadmium, followed by a thick coating 
of pigmented chlorinated rubber. Even 
if we could still obtain adequate 
supplies of such materials the public 
would never pay their price today. 

Even when a specification of raw 
material is accepted by a supplier it is 
rarely kept, and we find ourselves 
compelled to accept something inferior 
or do without. 

Immediately after the war we used 
the finish called for by the Services for 
the aerials we made for them, i.e., zinc 
plate and chromate passivate. We 
soon found this otherwise good finish 
would not stand up to prolonged 
exposure to sulphur laden atmospheres 
from chimneys. This was followed by 
bonderising plus aluminium paint, If 
the paint had been to specification, or 
of pre-war quality this would have been 
a considerable advance, but it was not. 

We have consistently advertised in 
this and other publications, that aerials 
should be painted again at the time of 


erection, and this is mentioned in 
instructions. 

The public just would not pay the 
price of galvanised elements. Galvani- 


sing in itself is not expensive, but the 
removal of tears, lumps, etc., to 
ensure close fits, would put up the cost 
terrifically. 


Steel or Light Alloy 


Now, by “ controls,’’ we have been 
forced over to high tensile light alloy. 
This gets over the trouble of finish, 
but new troubles arise. To ensure the 
same margin of safety, we have to use 
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Readers of this page, visiting 
the B.I.F., Castle Bromwich, are 
invited to call on us, Stand C712, 
in the electrical section. 











heavier gauges of material than is 
usual, this brings ‘‘ humming in the 
wind ”’ as one of the teething troubles 
but we have cured that one. 

Very often we know a change un- 
avoidably to be a retrograde step, but 
as it looks different everybody thinks 
it must be better. 

Generally, when a change is made to 
one of our aerials it is not just to 
create something new. It is often 
because we can no longer maintain by 
the old method, the quality we like to 
have associated with our products and 
we are often disappointed with the 
change. ‘* Belling-Lee ’”’ _ television 
aerials are stronger than any we have 
tried, and while we know their elements 
are designed to withstand gusts of 100 
m.p.h. we don’t feel happy about their. 
retaining the straightness usually 
associated with aerials of our manu- 
facture. If we could obtain supplies 
of steel, and give them our pre-war 
protection, we would not hesitate to 
change back. 

In very bad cases, where steel aeriais 
have seriously corroded within a month 
or two of erection, we replace the 
faulty parts free of charge. 


*! “ Viewrod’’ (Regd. trade mark) 
television aerials. L502/L London. 
L634 Midland. £6 6s. 


*” “Veerod’’ (Registraton 
for). Attic aerial L605 London. 
Midland, £2 12s. 6d. 


The illustration shows the ‘ Belling- 
Lee’’ ‘ Veerod’’ chimney mounting 
inverted ‘‘V”’ aerial, List No. L606 
(London) L635 (Midland), £4 10s. 


** * Toorod ’? indoor television aerial 
L645 London. L678 Midland. £1 10s. 


*“ 6“ Skyrod ” (Regd. trade mark) 
anti-interference vertical aerials, now 
known as L638/K chimney mounting 
with ‘‘ Eliminoise ’’ (Regd. trade mark) 
transformers and feeder. £10. 
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SEE OUR EXHIBIT 
STAND Nos. €225/102 
B.1.F BIRMINGHAM 





PERMALLOY ‘C’ 
for highest initial permeability. 
Useful for wide frequency band 
transformers, current transformers, 
chokes, relays and magnetic shield- 
ing. 










PERMALLOY ‘B’ 
for higher flux densities than Perm- 
alloy ‘C’ and high incremental 
permeability. Suitable for low 
power and intervalve transformers. 











PERMALLOY ‘ D’ 
for very high resistivity without 
undue lowering of maximum flux 
density or of the Curie point. Small 
variation of permeability with fre- 
quency. Ideal for H.F. applications. 










V—PERMENDUR 
for high permeability with unusually 
high flux density. Speciaily applied 
to high quality diaphragms and 
pole pieces 







Standard Magnetic Materials, which have been steadily 
improved and extended in range over many years, are 
produced by a Company which has the unique advantage 
of being also a large scale user of these materials. 








a 
Srondard Telephones and Cables Limited 


(Registered Office: Connaught House, Aldwych, London, W.C.2) 
(Telephone Line Division) 
NORTH WOOLWICH, LONDON, €E.16 Telephone: Albert Dock 1401 
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Laboratory Precision in Production Testing 


A direct-reading capacitance bridge that will measure 
capacitance and power factor with laboratory pre- 
cision but is built to withstand the heavy usage 
encountered in production testing. 

The quartz insulated variable air capacitance standard 
guarantees the highest accuracy and stability under 
all working conditions. 











SPECIFICATION : 


: : ; ; CAPACITANCE STANDARD : 

Modified Schering Bridge, double screened and direct High quality quartz insulated variable air condenser with 
reading in capacitance at any frequency between precision worm drive gives discrimination to 0.2 pF. 
; : nae Directly calibrated in nuF from 100 to 1000; measurements 
Sicjs and 10 Ke) - Eivent ent ™ power factor outside the normal ranges may be made by the substitution 
at 1 Kc/s; a simple correction is necessary at | method. 


other frequencies. | ACCURACY : 


RANGES : | Capacitance; + 0.1% of full scale reading on all ranges. 
; Power Factor: 

Capacitance: 100 uuF to 1 uF on 4 ranges. | by direct reading: + 0.0003 + 3% of scale reading. 

Power Factor: 0 to 0.05 at 1 kc/s. by substitution: +0.00005 + 3% of scale reading. 


May we send you Publication C-104 giving full details of this and other A.C Bridges? 


MUIRHEAD 











Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


CRC80a 
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VALVES FOR TELEVISION RECEIVERS 















TELEVISION SCREENED PENTODE ) 








The Mazda 6F14 is a high slope miniature 
pentode particularly suitable for use as a Video 
Amplifier in Television Receivers. 














RATING 
Heater Voltage (volts) ... =F . Va 6.3 
Heater Current (amps) ... Bee ae! 0.35 
BASE B8A Maximum Anode Voltage (volts) -» Vag(max) 250 
Maximum Screen Voltage (volts) Ag Vg2(max) 250 
Mutual Conductance (mA/V) ... + 8m * 10.6 
Anode Impedance (megohms) ... ny an * O425 
Inner yp mee its ns ++ Ug 1g2 . 33 
Viewed from free end of pins. Maximum Anode Dissipation (watts) .... Wa(max) 4.0 
CONNEXIONS Maximum Screen Dissipation (watts) .... wg2(max) 1.0 
Maximum Potential Heater/Cathode 
ae ee (volts D.C.) ... ao = Vh-k(max) 150 
a re * Taken at Va=Vg2= 140; Vgj=—1.25v. 
ee ee 8 INTER-ELECTRODE CAPACITANCES 
Pin4 .. Suppressor Grid x 83 T 
a ae Anode/Earth (upF)... --- Cout 3.8 5.3 
; | Anode/Control Grid (upF) ... Cg-g1 .02 021 
Pin6 .. Control Grid < sc £] | : 

Control Grid/Earth (upF) .... Cin 9:3 10.8 
pat Re iecaaae ali i ° §Inter-electrode Capacitances with holder capacitance balanced out. 
PinS .. Heater : ss j tTotal capacitance including a Benjamin B8A moulded holder at a 

| frequency of 1 Mc/s. 

* This valve’is not fitted with | * . 
an internal cylindrical shield j List Price 15/6d. 
Q d the electrode structure. = . . “ ° 
een oe eres | Further details will be supplied on application to the 
Radio Division. 
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MAZDA 
RADIO VALVES AND TELEVISION TUBES 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 
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VERY LOW FREQUENCIES 
HIGH STABILITY 

WIDE RANGE 

PURE WAVEFORM 

* PUSH-PULL OUTPUT 


+ + 
+ + + HF 


Eien is a much-needed oscillator designed specific- 
ally for testing, calibration and set-up of biological 
amplifiers and recorders, strain and vibration recorders, 
and low frequency wave analysers. 

It has a resistance/capacity circuit of special design 
with automatic amplitude control to ensure constant 
output and good waveform at frequencies from 
1.1 to 5,000 c.p.s. The circuit is remarkably free from 
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FREQUENCY INCREMENT SWITCH 
CONSTANT OUTPUT VOLTAGE 
OUTPUT ATTENUATOR 
COMPACT AND PORTABLE 
STANDARD RACK MOUNTING 


trouble associated with change of valve characteristics, 
ensuring that accuracy is dependent only upon the 


frequency selective network components. 


An incremental frequency switch is included 
specifically for the measurement of ‘Q’ in frequency 


selective circuits of filters or wave analysers. 


Further details will be given on request. 


EDISWAN 





THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 


RA,II6 
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STEATITE & PORGELAIN 


Stourport on Severn, Worcester Telephone: Stourport 





FOR SWITCHES 


and all radio components 
FREQUENTITE-FARADEX-TEMPRADEX 


PRODUCTS LTD. 





Telegrams: Steatain, Stourport 





S.P.54 
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NINE EXAMPLES 




















fom the | 
FLEXILANT 


(RUBBER BONDED 
TO METAL) 


RANGE 


of 


MOUNTINGS | 


OBTAINABLE 
FROM STOCK 





OUR TECHNICAL STAFF investigates 
all mounting problems 
May it investigate yours ? 








RUBBER BONDERS LIMITED 


a OP a On 2 { RUBBER BO“ DED 8) METAI 


FLEXILANT WORKS 
DUNS TABLE : BED S. 





R.B.67 
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QUARTZ CRYSTAL UNITS 


Available in a variety of types for frequencies from 4 Kc/s. to 15 Mc/s. 
Send your enquiries to :— 


SALFORD ELEGTRICAL INSTRUMENTS Je ie * 
PEEL WORKS, SALFORD 3, LANCS., ENGLAND 


Proprietors ; THE GENERAL ELECTRIC co. LTO. OF ENGLANDO 
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The British Thomson-Houston Company Limited — known to 
engineers all over the world as BTH — was founded over half a 
century ago. It is one of the leading British firms in the electrical 


industry, pre-eminent in research, design and manufacture. 


Factories at : 
BIRMINGHAM: CHESTERFIELD: COLNE: COVENTRY: LEICESTER: LUTTERWORTH: 


NELSON: NEWCASTLE-UNDER-LYME: RUGBY: PETERBOROUGH: WILLESDEN. 


| —_— 


STAND NO. BIRMINGHAM 
C 511/410 SECTION 


‘ 


MAY 2-13 


BRITISH THOMSON-HOUSTON 








THE BRITISH THOMSON-HOUSTON CO. LTD., RUGBY, ENGLAND — 
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Silicone rubber in- 


crack or flow. 


Do your circuits operate in high 
temperatures? Do you face con- 
tinuous renewal of cables and wires 
that have had the life baked out of 
them ? 

For “ hot-spots” like these, 
B.I.C.C. can now provide Silicone 


sulating tubing can also be offered 


Investigate these new cables | 
and see if they solve your problems. 
Enquiries for special applications | 
are sought and welcomed. When 


Rubber Insulated Cables and Flexi- 
bles. Silicone Rubber is designed 
to provide reliable, stable insulation 
in unusually high temperatures. It 
remains flexible and does not bake, 


writing, please give complete data 
on installation, condition of service, 
voltage and current loading. Your 
B.1.C.C. office will be 
pleased to deal with your enquiry. 


nearest 





—_— Op plication 


Boiler gauge light connections. Thermo-couple leads. 
Connections for rheostats, furnaces, flue motors, electric 
ranges, stoves, electronic equipment and commercial radio 
apparatus. Turbo-jet engine leads. Film projector con- 
nections. Insulating sleeves for radio. 















SILICONE RUBBER 


p. INSULATED CABLES 


BH 


BRITISH INSULATED 


CALLENDER’S CA 
NORFOLK HOUSE, L 


ES LIMITED 
NORFOLK STREET, 2 


BL 
ONDON, W.C. 
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If you have only limited space and require only simple 
switching, then the Type B.T. is the switch you need. It is a 
midget, and has been specially designed for small spaces. Here 


are some new features which we have recently included — 


or ™ ee 
mart 
rT) E S$ - & 
wit? 
wA Lt - e 
t) 
Walter Instruments : 
LIMITED 
GARTH ROAD, LOWER MORDEN, SURREY TELEPHONE : DERWENT 442!-2-3 


Type B.T. 





The contact blades are fixed in a new 
way. This makes them completely rigid 
all the time. 


The drive spindle is positioned definitely 
in the wafer. This provides double 
bearing. 


Steady contact resistance. 

Improved insulation between contacts. 
Positive contact. 

Self-cleaning action. 

It ought to be good? It is good— 


sensible and efficient. It will last you 


a long time. 
CRC 45 
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Available with three types of cathode surfaces :— 


TYPE A—Antimony-Caesium. (British Patent No. 
522.752 1938). Sensitive to blue light and 
daylight. 

TYPE B—Bismuth etc.—Caesium. Sensitivity similar 
to human eye. 

TYPE S—Silver - Oxygen -Caesium. Red - infra-red 
sensitive. 

Cells for use in the ultra violet region of the 

spectrum * Cells of high insulation, linearity and 

stability for accurate photometric work +» American 
type equivalents + Push-Pull types for double sound 
tracks * Special cells for dye image sound tracks, 
multipliers, etc. Please write for catalogue. 


Sixty different types of Photo-Electric Cells 














PSMEN 
CINTEL 
Ge” 

















Registered Trade Mark 


FOREMOST IN THE MANUFACTURE OF 
@ COUNTERS & CHRONOMETERS @ PHOTO-ELECTRIC CELLS 
@ METAL DETECTORS @ CATHODE RAY TUBES 
@ OSCILLOSCOPES @ GEIGER-MULLER TUBES 
@ ELECTRONIC INSTRUMENTS 






















CINEMA-TELEVISTON LIMITED 


WORSLEY BRIDGE ROAD, LONDON, S.E.26 
Telephone: HIiTher Green 4600 
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In response to popular request, we are now pleased to announce the 
availability of the following accessories, which provide an inexpensive 
means of bringing the “Avo” Valve Tester completely up-to-date. 
Possession of these accessories will, furthermore, render it a simple 
matter to maintain the “‘ Avo”’ Valve Tester in a condition capable of 
testing any new types of valves that may be produced in the future. 



















ACCESSORIES for the AVO’ VALVE TESTER 


FILAMENT VOLTAGE EXTENSION UNIT 


For providing filament voltages of 1.4 to 117 
volts for testing valves recently introduced 
into general use and which are not covered by 
the original ‘‘ Avo ’’’ Valve Tester. 








a & ) \y 


This unit is plugged in between the Meter ) oss & 
panel and the S.S. panel, where it may be left (2) oD) 


\ 4 : = 

a ii Oy o— 

permanently in position regardless of whether j = 

the original or the additional heater voltages —— Price: £5 nett 







are being used. 


VALVE BASE ADAPTORS These Adaptors have been specially designed for 


plugging into the international octal socket of any 
“Avo ’’ Valve Tester Panel which is fitted with a 
rotary selector switch. The following types, covering 
recently introduced valve bases not provided for on 
the existing Valve Panel, are now available :— 


Type No.1! B7G and B8A 

BIG (EFSO etc.) 

B8B (American Loctal) 
Hivac Midget 4- and 5-pin 
and Midget Diode 


awn 


” ” 5 Blank 





Other types will be made available as required, and 
Adaptors can also be supplied for any special valve base. 


Price : 12/6 each, nett 
Sole Proprietors and Manufacturers : 


AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co., Ltd., 
Winder House, Douglas Street, London, S.W.| Telephone : ViCtoria 3404/9 








e) 





VTE |. 
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umber of industrial electronic applications, 


for, and an improvement upon the OA4G, it the more important of which include :— 


ace. § @ Welding and industrial engineering timers. 
has the foiiowing outstanding advantages :— , , . 
@ Sequential process timers. 


(1) High continuous and instantaneous cathode curtent. @ Alarm, fault and protective systems. 


(2) Consistent striking characteristics. @ Remote-controlled power switching. 





(3) Higher stability and freedom from photoelectric and PRINCIPAL CHARACTERISTICS 


temperature effects ; 
*Max. Operating Anode Voltage ... ... 225V peak 


(4) Reliability and long life resulting from improved Trigger Voltage for firing (Pos.} ... ..| ZOV. min. to 
cathode activation. 90V. max. 
Trigger Current at Striking Point (V,=140) | /00yA max. 


Valve Voltage Drop ae ey ... JOY. approx. 
Max. Continuous Cathode Curren ... | 25mA 
u a : Max. Peak Cathode Current cs ... | 100mA 
*Above this voltage the vaive may break down at Vg=O. 
e se 
thermionic valves & electron tubes 


Industrial Power Valves - Thyratrons - Industrial Rectifiers - Photocells - Flash Tubes - Accelerometers 
Cothode Ray Tubes - Stabilisers and Reference Level Tubes : Cold Cathode Tubes - Electrometers, etc. 











MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, W.C,.2 
MVT45 


; 


a 
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FFICIAL details have now been 

released of the Radio Industry’s 
contribution to the British Indus- 
tries Fair to be held in London and 
Birmingham from May 2 to May 13, 
and television will undoubtedly be 
the main theme, both at the London 
and Birmingham sections. 


At Birmingham an Image Orthi- 
con Television Camera will be tele- 
vising from inside the Fair and a 
similar camera just outside the main 
scenes including the arrival and 
departure of aircraft from the adja- 
cent airport. Visitors to the Fair 
will thus have the opportunity of 
seeing televised scenes from the 
crowds of which they themselves are 
a part. These demonstrations will 
show that British television has 
reached a new stage far in advance 
of anything hitherto achieved. 


The equipment providing these 
facilities will be operating on the 
625 line systems and will thus form 
the first public demonstration of 
television operating on the standards 
recently recommended for adoption 
by countries not already committed 
to the British or American standards. 


D 


Exhibitions 


Similar apparatus was used for 
televising the Boat Race, a technical 
description of which appears in this 
issue. 

Of special interest, too, will be the 
actual vision transmitter destined to 
be the B.B.C’s third television trans- 
mitter and which will incorporate 
many new and unique features. This 
transmitter will operate in the 42-46 
Mc/s. band with positive modula- 
tion at a power of 35 KW as com- 
pared with the 17 KW of the exist- 
ing Alexandra Palace transmitter. 


In the Radar Section will be a 
new cloud and collision warning 
equipment designed to give warning 
to aircraft pilots of certain types of 
cloud formations associated with 
storm areas at a distance of 40 miles, 


In the section devoted to Elec- 
tronic apparatus there is much that 
is both new and novel in the ever 
widening application of electronics 
to measurement, control and selec- 
tion.. 

It is axiomatic that with this 
wider use, important conditions 
must be fulfilled in the design 


of the apparatus. It must be 
reliable in operation, give indica- 
tions which are capable of easy 
interpretation and _ possess the 
ability to withstand abuse by the 
non-technical user. But British 
manufacturers appear to be fully 
aware of these problems and have 
produced new and valuable tools 
which are more than “ gadgets.”’ 


For example, farmers will now 
have a portable pH meter which, by 
inserting an electrode into the soil, 
will give a direct reading of soil 
acidity or alkalinity. A demonstra- 
tion can also be seen of an electronic 
method of treatment and drying 
grass to ensure full nutritional value 
for consumption by livestock. 


The Physical Society’s 33rd 
Exhibition of Scientific Instruments 
and Apparatus was held last month 
at the Imperial College, South 
Kensington. Lack of space, how- 
ever, prevents a detailed review of 
new electronic apparatus, some of 
which was displayed at the earlier 
R.C.M.F. Exhibition and _ subse- 
quently reviewed in these pages in 
the April issue. 
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NEW BRITISH ULTRASONIC GENERATOR 
(See page 161) 


left: Uitrasonic 
fountain and mist 


Right: Defraction 

patterns produced 

on surface of a 
liquid 


The new Mulla 
Ultrasonic Gene 
tor with covers 
moved with tra 
ducer head in fo 
ground 
































Photos supplied 

by courtesy of 

Mullard: Elece 

tronic Products 
Ltd. 


Centre: Defraction of 

ultrasonic beam by a 

vertical rod showing 

production of separate 

fountains at a deflector 
plate 


Bottom left : Agitation of 

water and production 

of mist over a deflector 

plate immersed in path 
of beam 


Bottom*right : Treatment 
of a sample in a test 
tube by immersion at 
the focus of a parabolic 
reflector 
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VOLTAGE STABILISERS rac 1 


By F. A. BENSON, M.Eng., A.M.I.E.E.* 


| ie is generally desirable to operate 
equipment from power supplies 
fed directly by the mains rather 
than to employ batteries. The 


_ necessary power supplies are usually 


obtained from the mains through 
rectifier units, each of which nor- 
mally incorporates a transformer, a 
rectifier, and a smoothing circuit. 
Large changes in the output voltage 
of such a rectifier unit are produced 
by load current variations. Further, 
the mains voltage and its frequency 
may vary. The effect of variations 
in frequency on the output voltage 
of the rectifier unit, however, is 
usually fairly small. Many circuits 
only operate satisfactorily from a 
power supply the voltage of which 
is independent of both fluctuations 
in the mains voltage and variations 
in load current. To meet these 
requirements, voltage stabilisers are 
employed. They have been developed 
for stabilising either a.c, or D.c. 
power supplies and some arrange- 
ments can deal with either. Voltage 
stabilisers, in general, also have the 
further beneficial effect of reducing 
any ripple voltages present in the 
output of a power supply to which 
they are connected. Typical cases 
where the above requirements have 
to be satisfied are found in work 
involving the use of high-frequency 
oscillators (klystrons), photocells or 
electronic measuring instruments. 
In the case of a _ klystron, for 
example, the output and the fre- 
quency depend on the magnitudes of 
the voltages applied to the various 
electrodes and ripple voltages pro- 
duce frequency modulation of the 
output. Again, certain photocell 
equipments reguire a light source 
whose candle-power remains sensibly 
constant. 

This series of articles reviews the 
various methods of stabilising the 





* Electrical Engineering Department, University 
Liverpool. 
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Fig. |. Current and voltage with saturated 
and unsaturated reactors connected in series 
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Fig. 2. Transformer-type stabiliser 


voltages of both a.c and D.c. power 
supplies. Circuits which employ 
magnetically-saturated elements are 
considered first. Then follow des- 
criptions of circuits employing 
gaseous. discharge tubes. The 
characteristics of the available tubes 
are quoted and the limitations of 
the tubes are discussed. Thermionic- 
valve circuits are then dealt with. 
After a brief account of the avail- 
able methods of using thermionic 
valves as stabilisers, several prac- 
tical circuits which have been found 
extremely useful are described in 
detail. The performances to be 


expected of these circuits are given. 
Although the articles are essentially 
non-mathematical, the theory of a 
number of thermionic-valve circuits 
has been included in an appendix 
for the benefit of readers who wish 
to go into the subject more fully. 
Finally, several miscellaneous cir- 
cuits are briefly described. 


Much has been published on the 
subject of voltage stabilisers. Most 
of the articles describe particular 
circuits and give details of their per- 
formances. As it is impossible to 
include details of all the circuits a 
fairly extensive bibliography _ is 
included. 


Stabilisers Employing Magnetic Sat- 
uration 


Stabilisers employing magnetic 
saturation deal with a.c. power 
supplies and many circuit arrange- 
ments have been devised. A number 
of different designs are considered 
in detail below. Each has an 
element which is magnetically 
saturated so that the output voltage 
does not vary in accordance with 
input voltage changes but tends to 
remain constant. 


One of the simplest circuits con- 
sists of saturated reactor con- 
nected in series with an unsaturated 
reactor.’ The voltages across the 
saturated and unsaturated reactors, 
Vi and v2, respectively, vary with 
the current I flowing in the circuit 
in the manner shown in Fig. 1. At 
any particular value of current the 
input voltage V is the sum of V: and 
V:. It will be seen that a change 
8V in the voltage V produces only 
a change of 5V: in the voltage Vi. 
Thus, by correct choice of com- 
ponents, the percentage change of 
V: may be made much less than the 
percentage change of V. The 
arrangement can, therefore, be used 
as a voltage stabiliser by connecting 
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to Ej 
the load directly across the 
saturated reactor. 


Another stabiliser of this type is 
shewn in Fig, 2."" It consists of two 
transformers T: and T:, one of which 
has a magnetically saturated core 
under the working conditions. The 
primaries of the transformers are ‘n 
series and the secondaries, which 
are connected in opposition, supply 
the load. 


By considering the primaries of 
the transformers and making further 
reference to Fig. 1, the variations 
of the voltages E: and E: with Ei 
may be plotted as in Fig, 3. If the 
saturated transformer develops most 
of the output voltage, then the 
secondary voltages E:’ and Ey’ vary 
with Ei in the manner shown in 
Fig. 3. Thus the output voltage 
Ey-E:’ remains nearly constant over 
a considerable range of Ei. 


Many modifications of the above 
design have been suggested***’ and 
several three-legged transformer cir- 
cuits have been used instead of the 
two separate transformers by simply 
combining either the primary or 
secondary windings. One such 
arrangement’ is shown in Fig. 4 in 
which the primary windings of 
Fig. 2 have been combined. In the 
circuit of Fig. 2 saturation of trans- 
former T: can easily be achieved by 
making the number of ampere-turns 
on the primary winding greater 


shown in Fig. 2 


than those on T:. However, in the 
present case this method cannot be 
employed as there is only one 
primary winding; so saturation is 
produced by using one limb of small 
cross-section. 


A further method for obtaining a 
constant voltage irrespective of 
input voltage variations has been 
described by Bedell and Kuhn.° 
Here stabilisation is attained by 
employing a transformer which has 
considerable leakage as well as a 
saturated magnetic circuit. The 
secondary voltage of a transformer 
of this nature does not increase pro- 
portionally with the primary volt- 
age as seen in curve (1) of Fig. 5. 
For voltage stabilisation a relation 
between primary and_ secondary 
voltages as shown in curve (2) is 
required where above saturation the 
secondary voltage is constant. To 
obtain (2) from (1) a curve such 
as (3) must be subtracted from (1). 
It is found that (3) is very nearly 
a straight line, i.e., the amount to 
be subtracted (v) at any particular 
value of primary voltage (e) is pro- 
portional to that primary voltage. 
This required quantity v may be 
obtained by tapping off part of the 
primary voltage and if it is then 
subtracted from the secondary volt- 
age a constant output voltage will 
result. The circuit arrangement 
used by Bedell and Kuhn is shown 
in Fig. 6. The secondary windings 


having leakage as well as a saturated magnetic 
circuit 
are placed in series with part of the 
primary winding and are in opposi- 
tion to it. The primary winding is 
on one leg of the magnetic circuit 
and the secondary on another of 
smaller cross-section. 


Bedell and Kuhn have given 
results for a 150-watt transformer. 
An increase of primary voltage of 
about 30 per cent produces an in- 
crease in output voltage of about 
2.5 per cent. Units can be produced 
in which the output voltage remains 
constant over a considerable range 
of input voltage. Both the power 
factor and the efficiency of such a 
stabiliser are rather low, which may 
be an objection where large sizes are 
involved. 


Improvements in the operation of 
some of the above stabilisers have 


Fig. 6. The Bedell and Kuhn circuit 
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be obtained by inserting capacitors 
in various parts of the circuits 
with a view to acquiring better 
voltage regulation and output volt- 
age waveforms ° 


Limitations of above circuits 


The majority of the early designs 
of stabilisers working on these prin- 
ciples, including the ones already 
considered, suffer from a number of 
disadvantages. First, the output 
voltage waveform is seriously dis- 
torted. This is caused by saturation 
of the iron which results in har- 
monics in the magnetising current 


and harmonic currents flowing 
through impedances in the cir- 
cuit produce harmonic voltages. 


Secondly, the regulation is poor so 
that the output voltage does not 
remain constant for variations in 
load current. Further, the output 
voltage generally depends on the 
frequency of the input voltage and 
in many cases the form factor (i.e., 
the ratio and R.M.S. value to 
average value) of the output voltage 
waveform changes with variations 
in load current which for some 
applications is a disadvantage. 


The ‘ Stabilistor ’’ Equipments 


Recent designs have overcome 
these difficulties, however, one satis- 
factory arrangement being the 
** Stabilistor.””?’°""" Two types of 
this equipment are available, the 
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first is stabilised against variations 
in both supply voltage and load 
current, but there is no compensa- 
tion for changes in frequency of the 
input voltage. The second type is 
designed for a fixed resistive load 
and is stabilised for changes in both 
the input voltage and its frequency. 


‘« Stabilistor ’’ Type | 


The circuit of the first type of 
** Stabilistor ’’ is shown in Fig. 7. 
It is basically similar to that of 
Fig, 2. It consists of a transformer 
T,, an auto-transformer, Ts; 
the core of which is worked at a 
high-flux density and an inductance 
L in series with a capacitor C. The 
saturated transformer supplies most 
of the secondary voltage as in the 
previous case. 


The L-C circuit serves two pur- 
poses. It is designed so that at 
50 c/s. (the usual supply frequency) 
it behaves as a capacitative re- 
actance and draws a leading cur- 
rent which tends to offset the effect 
of the large magnetising current in 
the transformer primaries. At 
150 c/s. the circuit is resonant; it 
thus provides a short circuit for any 
third-harmonic currents and there- 
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appear across it. Hence, third- 
harmonics are absent in the output 
voltage waveform. The units are 
available in various sizes to give 
outputs ranging from 30 VA _ to 
1,200 VA at 230 volts. 


Performance 


It is possible to hold the output 
voltage constant to within +2 per 
cent for input voltage variations of 
about £15 per cent and within the 
range zero to full load. For changes 
in input voltage of less than +15 per 
cent the figure +2 per cent is corre- 
spondingly reduced. The waveform 
is very nearly sinusoidal; the form 
factor is within +.05 per cent of 
1.11. Frequency variations affect 
the output voltage, a variation of 
+1 per cent from the nominal 
50 c/s. changes the output voltage 
by about +1.5 per cent. The power 
factor of the unit at full load when 
supplying a unity power 
factor is about 0.7 lagging and the 
efficiency is about 85 per cent, 


load of 


“« Stabilistor ’’ Type 2 


The second type of ‘‘ Stabilistor ”’ 
is a modification of the above cir- 
cuit, it is shown in Fig. 8. It 
employs a further transformer Ts 











fore no. third-harmonic voltages and a second filter circuit L:C: which 
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Fig. 7. (Left) Original 
“* Stabilistor ’’ circuit 
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Fig. 8. (Right) Second 
“* Stabilistor”’ circuit 
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compensates for variations in supply 
frequency. In this case two alter- 
native stabilised outputs are avail- 
able but cannot be _ obtained 
simultaneously. The output from 
terminals AA’ is the same as that 
obtained from the first model and 
is thus constant irrespective of 
changes in input voltage or load 
current. The other output from 
terminals BB’ is only suitable for 
supplying a fixed resistive load but 
the output voltage is practically 
independent of variations in both 
the input voltage and frequency, 
and, further, the output-voltage 
waveform is sinusoidal. 

These units, as in the case of the 
first type, are also available in 
various sizes to give outputs from 
30 VA to 1,200 VA at 230 volts from 
terminals AA’ or alternative out- 
puts from 12 to 480 watts at a chosen 
voltage from terminals BB’. 


Performance 


In this case a 1 per cent change 
of input voltage produces a change 
of 0.04 per cent or less in the output 
voltage from terminals BB’ and a 
1 per cent change in the frequency 
of the input voltage produces not 
more than 0.05 per cent change in 
output voltage over the ranges 
input voltage 200 to 250 volts, fre- 


quency 48 to 52 c/s. The power 
factor of the unit is again about 0.7 


lagging, but the efficiency in this 
case is only of the order of 55 per 
cent. 

The principle of this type of 
stabiliser is that over a certain 
range of current flowing through a 
neon discharge tube (or similar 
cold-cathode discharge tube) the 
voltage across it remains nearly 
constant. This can be seen by 
reference to Fig. 9 where typical 
current-voltage curves for several 
available tubes are plotted, Hence, 
if a neon tube is placed across a 
p.c. supply voltage Vi and fed 
through a series resistance R (Fig. 
10), the latter will absorb any fluc- 
tuations in Vi. An increase of 
input voltage increases the IR volt- 
age drop across R and the voltage 
across the neon tube remains prac- 
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Fig. 9. Current voltage curves for different neon tubes 


tically constant. Further, an in- 
crease of load current results in a 
drop of current through the tube, 
the voltage drop across R and the 
tube voltage both remaining nearly 
constant. Thus, if on no load the 
tube takes a current in then when 
a load current I;, is taken the tube 
current is reduced to  (in-I) 
approximately. When the load is 
removed the tube current rises 
again to in. It follows that full 
load current must not be greater 
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Fig. 10. Basic neon tube stabliser circuit 


than in—(the minimum tube cur- 
rent), and also that the tube current 
is a maximum at no load. 

The value of the resistance R and 
the input voltage Vi must be chosen 
so that the tube will “ strike ” and 
the current through it is less than 
the maximum safe current for all 
values of load current. Too large 
a value of current through the tube 
causes an are which destroys it. 


(To be continued) 
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Combined Current and 


Voltage Feedback 


i amplifiers employing negative 
feedback it is common practice to 
apply voltage negative feedback 
from the output into the cathode 
circuit of an earlier stage. The feed- 
back voltage is developed across an 
impedance (generally a_ resistor) 
which also carries the anode current 
variations of the valve in whose 
cathode circuit it is placed. This 
leads to current feedback, the effect 
of which cannot be ignored. Some 
textbooks take this into account by 
considering first the reduction of 
overall amplification due to current 
feedback and then the reduction of 
the new value of overall amplifica- 
tion due ito voltage feedback, so 
that the final amplification is given 


by: 
Ai Az 
1 + Ai’A2B 
where A; = amplification 
first stage with 
current feedback 
A: = amplification of the 
remaining stages 
voltage feedback 
factor. 


and 6 = 


A more rigorous examination of 
the problem shows that there is 
inter-action between the current and 
voltage feedback sources, which 
modifies the above expression. 
Though the error iis of a second 
order—its maximum value is of the 
same order as the voltage feedback 
factor—the analysis may be of in- 
terest to designers and users of 
precision equipment employing this 
type of feedback. 


Theory 


As a rule two factors, overall 
amplification and equivalent output 
impedance, require to be known for 
an amplifier having negative feed- 
back. The second can be derived 
from the first. 


Overall Amplification 


The simplest form of. circuit is 
illustrated in Fig. 1. A triode is 
shown, but a tetrode or pentode 
could equally well be used. Volt- 
age feedback is supplied via the 
potential divider R: and R:, and cur- 
rent feedback by R:. The equiva- 
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lent circuit is shown in Fig. 2, and Ra As... (6) 
the following current and voltage iia ecueasi (1+)R* 
relationships can be derived from it. P 
| Oy eee) Uda oa | Ln aS A (1) where R = (R:+ A2Ra) pee 
Vo = —AVi=DR:+b (Ri +R:) (2) Rit Rs 
Vi = -hRa Peete teen eee e eee ne ees (3) (R: t A2Ra)B = R:(1 —P) + AoRuB 
MVex = T.(7a + Rar + Re) +I:R: .. (4) 


= YP, 
the second stage of the 
amplifier. 


where A: 


Ra: = parallel combination of 


the anode load _ resis- 
tance of V: and the in- 
put resistance of the 
amplifier section A:. 
Solving (2) and (8) for I: gives 


_ (Au — Re) 
I: = i (5) 
Since Vs = (L + E)R: 
MVex = ef Ei — (1: - I:)R:] = 


Lh(ra + Rar + R:) + IR: 


from which 


E, = = [r + Rat 





+ My 1 ay 
(1+ m)(Rit eRe =] 
Overall amplification with feedback 
| ie A:hRa 
ot ie 
Yal Rai v7 BR 

















Fig. 2. Equivalent circuit of Fig. | 


/ Vi=amplification of 


- of stage gain A:. 


and — a Re B, 


fr voltage feedback factor. 


The expression 
Re 
poor Rat (1 +m)R 


is the amplification of valve Vi 
with current feedback provided by 
an unby-passed resistor R. In 
appendix 1 it is shown that R is 
the actual equivalent resistance Rap 
looking towards Vo, so that it is pos- 
sible when calculating Ar to con- 
sider the circuit as a current feed- 
back stage followed by an amplifier 
Expression (6) 
can be rearranged as follows: 














_ HiRes  " 
,* zs Tai + Ra 
1 + 58 [R(1 —B) + ARoB] 
val 
AiA; 
= (1+/4) m, tt™ 
1 + mae 7 . Rk: (1 B) + Ih A:A2B 
. (7) 
HRa ; ‘ 
where A: = ones amplification 


of V: with no current feedback. 
The approximate expression gives 


i ile 
As 1+ Av A2B 
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: “7 (8) 
eee an | 
rat Rar r Aide 
becaus 1,’ ae 
yecause Ai = 14 EMR: 
fat Ra 


In most practical circuits A:A2P 
will be the largest factor of the de- 
nominator so that Ar’ approaches 
qi +44) 


My 


A: 


and this represents the 


maximum possible error. Hence, 
the approximate result will tend to 


' 100% ,. 

give a value gy higher than the 
1 

correct value. 


If tetrode valves are used, 


24m g ain =e | 
tat Ra ili My oe 
Ar = AA: 
‘1+ gmiRe(1 —B) + ArA2B 
and A: AsA: 


1+ gmR2 + A:A2p 


In this instance there is very little 
difference between A: and A’ be- 
cause gmf is usually much less than 
1+A:A4:£ and has little influence on 
the result. 


The Impedance presented by the 
Amplifier to the Load R, 


The equivalent output impedance, 
ro, of the amplifier can conveniently 
be found by rearranging (6) into the 


K R. 
form 9 - If it is assumed that 


+R 
the second part of the amplifier con- 
tains a single valve of constants, 
M2, gm2 and re, appendix 2 shows 











- Ta2 
wo eRB Om) 
rai + Rai + (1+4)R2(1 —8) 
ECE oun cy res owes bento (9) 
The approximate method yields 
a Ta? 
ro = 1taResB 2 408) 





rat Ra+ (1 +1): 


Comparison of (10) with (9) will 
again show that the maximum pos 
100°, 


sible error is of the order — 
fy 
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Fig. 3. Equivalent circuit for V. 1! 


with r.’ larger than the real value 7. 
If tetrode valves are used 

_ _ 1témR2(1—8) 

eae gmu2Ai8 

1+ gmit: 


and wo" = gmeAB 


and maximum possible error is 1008 
per cent with r.’ larger than the 
real value ro. 
An Alternative Solution 

The circuit may also be solved as 
a voltage feedback problem when 
overall amplification is given by 





i a aa — 

1 + A:AsB’—— 

My 
Resp 
meer 1 a 
unee't R: + Rep 
Re, (Aes + Ro) 

and Ryp = A:-Ra—R: 


(see Appendix 1). 
The factor (1+#,)/ occurs because 
the feedback voltage 2’V. is injected 
into the cathode lead and not the 
grid lead of the valve. Hence it 
not only subtracts from the input 
voltage E: so that the generated 
voltage is #(E:—f’Vo), but it is in 
series with the anode cathode cir- 
cuit of Vi. Hence the equivalent 
circuit for Vi is that of Fig. 3, from 
which 
Vo = AeiRa: 
_ Aafia (Es —B’Vo) — BV. [Rar 
ra + Ra 
MERA: 
Yar + Ra 


a me . A2B’ 








1 + AiAB'(1 + 4) 
Hy 


_ It should be noted that the 
impedance presented by V: to Re» is 


not that normally associated with 
the cathode circuit, t.e., 1/gm. The 
valve is supplying current to R: in 
the same direction as the driving 
voltage V. so that it is a source of 
energy and therefore presents a 
negative resistance to R: making the 
total resistance Rgp (Fig. 2), look- 
ing away from V., greater than R:. 


Conclusions 


If overall amplification alone is 
considered, an amplifier having a 
network providing simultaneous 
current and voltage feedback may 
be regarded either as an amplifier 
with voltage feedback alone or as 
a stage of current feedback followed 
by an unmodified amplifier. The 
effect of the combined feedback on 
the output impedance ro is pre- 
dominantly that of voltage feed- 
hack, i.e., ro is always less than the 
output impedance of the amplifier 
without feedback, though the cur- 
rent feedback makes 7 greater than 
the value it would have if voltage 
feedback alone were operative. 

The effect of interaction between 
the sources of current and voltage 
feedback is small and it tends to 
make overall amplification and out- 
put impedance smaller than that 
calculated by ignoring the inter- 
action. 


APPENDIX |! 


The current voltage relationships 
for Fig. 4 are 


Ei = Ra + (i + ER: ....;.... (1) 
E: = I:-R» + (h i I:)R- iis saweh ts (2) 
From (2) 
Lb = E:—DR. 
R Ry + R. 


and replacing I: in (1) gives 


7 
— 


RoR E:R. 
hh. 4 ———— ay tae ore 
( . R. + R. h(R» + 3s) 
Hence looking towards E: 
RoR. E.R. 
Rav oe “Soe a <n 
Rv + Re (Re + Re) 
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Substituting appropriate values for 
Rv, Re, E: and I, from Fig. 2 gives 
‘ RR: A:RuR: 

Fig. 2) = —_ 
Ban (Mig. 9) Ri + R: " Ri + R: 

= R:(1 —B) + A:Rauf 

Ara + Ru)Ro_ 
Tar + Ra + R: 





and Rpp (Fig. 2) = 
ea ae 

I. Yar + Ra ae R: 
_ (ro + Ru)R: _ 





ra + Ru + R: 
(Ri + R:) (ra + Ra + R:) 
[e+ AsRu— Re 
R: 


ini ee + 
_ Be(ARa + Ri) 


— feRu—Bs 




















Fig. 4. Equivalent circuit for Appendix | 


APPENDIX 2 
ra MReA2 RA. 
_. et oe 
where R: 


= ra + Ra + (1 + 4)R2(1—86) 
Rs = (1 + A)Rab 
. a MleRaRo 
Rs(ra + Ro) + RRs 


if the A: amplifier is a single. valve 
stage of valve parameters #2, gm, 
and ra. 





At 


PabeRarRo 
Rs + Rs 
As i Rsraz_ oom 
Rs + Rs 


Hence the output impedance of 
the amplifier is 





~+ Ro 
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vo H2RuB(1 + th) 
ra + Ra + (1 + 4)R2(1-—86) 
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Ultrasonic Tests in Agriculture 


XPLORATORY experiments on 

possible uses in agriculture of 
ultrasonics, or high-frequency sound 
radiations produced electrically, are 
now under way at the U.S. Depart- 
ment of Agriculture Research Centre 
at Beltsville, Maryland. The follow- 
ing agricultural uses seem to 
warrant immediate investigations: 
biological effects of ultrasonics on 
plant and animal materials, bac- 
terial control, sterilisation or 
pasteurisation of milk and _ other 
food products, homogenisation of 
milk, emulsification and near disper- 
sion in liquids, coagulation of 
particles suspended in fluids, control 
of insects and diseases and produc- 
tion of mutations in grains, bulbs or 
other plant materials. 

Although ultrasonics research by 
the Department agricultural _ re- 
search engineers is still very much 
in its initial stages, tests were 
carried out at Beltsville in which 
mosquito larve were killed by these 
sound vibrations within 5 seconds. 
The limited tests showed the _per- 
centage of mortality of the larve 
to be directly correlated with the 
amplitude of the waves and, within 
limits of the experiment, the per- 
centages did not differ significantly 
with length of exposure. On 
examination, mosquito larve killed 
by high intensity sound waves 
appeared literally to be torn apart. 
Under similar conditions larve of 
the codling moth required expo- 
sures of up to a full minute for kill- 
ing, but when they were imbedded 
in fruit these larve apparently were 
undisturbed. 

Other preliminary tests showed 
decreasing vitamin C content in 
orange juice exposed to the treat- 
ment, the decrease devending on the 
time of exposure. The preliminary 
work also showed that particles of 
DDT could be reduced bv _ ultra- 
sonic vibration to sizes smaller than 
have hitherto been possible to pro- 
duce by the usual processes. 

Fundamental studies yet to be 
undertaken, according to the 
Department of Agriculture investi- 
gators, necessarily must be aimed at 
evaluations of frequencies and com- 
binations of frequencies, intensities 
of wave propagation, radio fre- 
quency electromagnetic and electro- 
static field effects, heat developed in 
various products through ultrasonic 
treatment, length of exnosures. and 
technique of applying ultrasonics. 


MicHarEt Lorant. 
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Britain’s First Commercial Ultra- 
sonic Generator 


(See Frontispiece on page 154) 
HE Mullard Ultrasonic Genera- 


tor, is the first commercial 
generator to be produced in this 
country. It is designed as a 
laboratory tool for the use of 
research workers in industry to 
whose products and processes the 
science of ultrasonics has special 
application. 
Circuit Details 

The generator, comprising a con- 
trol panel with meters, power 
oscillator, output voltmeter, relay 
panel and power supply, is mounted 
in a tubular frame. Four pull-out 
handles simplify lifting the genera- 
tor and a removable panel—with 
quick release fasteners at the rear 
of the cover—gives access for fuse 
and valve replacements. 

The k.F. output is generated 
directly by a silica triode capable 
of producing one kilowatt of R.r. 
power. Four plug-in coil assemblies, 
which are rapidly interchangeable, 
are provided for operation around 
nominal frequencies of 4, $, 1 and 
2 Mc/s. 

The valve is matched to the 
crystal impedance by tapping the 
anode down the coil in the output 
circuit. Fine tuning of the output 
circuit and adjustment of grid 
coupling are effected by means of 
variometers. 

The oscillator is housed in the 
upper portion of the frame with the 
control panel immediately above. 
On the lower deck is the power 
supply comprising two grid-con- 
trolled mercury vapour rectifiers, 
the filament transformer and the 
H.T. transformer. 

The quartz crystal is contained 
in a metal case. It is connected to 
the generator by means of a co-axial 
cable. The crystal has silver 
electrodes, fired on both sides, to 
which the driving voltages are 
applied. 

To give the maximum ultrasonic 
output in the forward direction the 
generating crystal is air backed. 
The limitations on the temperature 
at which the transducer can work 
are set by the polythene of the cable 
and the rubber sealing rings. If 
silastic rubber is used and the back 
of the holder is adequately cooled, 
the crystal can safely be immersed 
in liquids at temperatures up to at 
least 150° C. 
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The Neutralisation of Input Capacitance on L.F. Amplifiers 


poe an amplifier is fed from 
a high resistance generator 
(e.g., a photo-tube), the frequency 
response of the arrangement is 
normally determined by the product 
of the generator resistance and the 
total stray-capacity at the input. 
In order to obtain a good response 
the usual practice is to make the 
stray-capacitance as small as possible, 
and then, if necessary, to reduce 
resistance. Unfortunately, any re- 
duction in the resistance lowers the 
signal level. This is inconvenient, 
especially when the subsequent am- 
plifier is direct-coupled, as it means 
that the amplifier gain must be 
increased. A better approach, 
therefore, is to neutralise the capa- 
citance at the input: an improved 


frequency response may now be 
obtained without loss of signal 
level. The neutralising is best 


achieved with a simple correcting 
amplifier which can also be used to 
give a low-impedance feed to the 
main amplifier. 

The principle is shown in Fig. 1. 
R. is the high impedance generator, 
C. represents the total capacitance at 
the amplifier input while (: is the 
neutralising capacitor. Assuming 
that the amplifier is perfect, so that 
the gain is xm at all frequencies, 
then zero current will flow through 


R. when: 


de: de: 


t.e., Co = Ci (m — 1) 

If this condition can be achieved 
then the frequency response will be 
uniform at ail frequencies. Now in 
a practical case Co is small, perhaps 
10 of 20 #4F, so that it is better 
to use a low value of m which will 
make C: of the same order as (». 
An obvious choice for m is 2, 
giving correct neutralisation when 
C: = Co. The use of a low gain has 
the further advantage that the per- 
formance of the correcting amplifier 
may be made virtually independent 
of valve characteristics. 

Ina practical circuit there isa small 
distributed capacitance associated 
with the generator itself. This dis- 
tributed capacitance cannot be neu- 
tralised by feedback through C:, so 
that the extension of frequency 
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range obtainable is not unlimited. 
In most cases an improvement of 
about ten iimes is possible. 

The limitations imposed by the 
distributed capacitance at the input 
enable the frequency response re- 
quired in the correcting amplifier 
to be estimated. If fo is the fre- 
quency at which the uncorrected 
input circuit is 3 db. down (i.e., 
27f.C.Ro = 1), then the response of 
the correcting amplifier should be 
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Fig.2. Neutralising on a photo-tube circuit 
more, it is unnecessary for the 
response to extend below about 
0.3 fo. With a simple resistance- 
capacity amplifier it is sufficient 
that the two frequencies where the 
response is 8 db. down should be 
about 0.1 fo and 100 fo. These figures 
are, of course, empirical, but they 
give a useful starting point for the 
design. 

In a practical case it was required 
to record a very small mechanical 
movement by means of a spot of 
light illuminating a_ high-vacuum 
photo-tube. The frequency response 
was to extend from zero (d.c.) up 
to 1,000 c/s. The circuit used is 


shownin Fig. 2. The stray capacitance 
Co was 30 ##F, which, with an ettec- 
tive photo-tube load (Ki; K: and Ro) 
of 50 M, gives a time-constant of 
1.5 m.sec., 1.€., fo is 106 c/s, Thus, 
the 65N7 correcting amplifier is 
required to have a response 3 db. 
down at about 10 c/s. (0.1 fo) and 
10,000 c/s. (100 fo). This is 
accomplished by choosing R:C: = 15 
m.sec. and RsCs = 15 #sec. The gain 
to the anode of the first triode is 
made small (x0.2) so that the 
increase of input capacitance by 
Miller effect is negligible. The overall 
gain, from the grid of the first triode 
to the anode ot the second, is almost 
exactly x 2. The cathode of the 
first triode feeds the subsequent 
D.c. amplifier which is of relatively 
low gain. The signal level at the 
cathode is, of course, substantially 
the same as at the photo-tube. 

Frequency response curves are 
readily obtainable by injecting a 
tone to the earthy end of RK: With- 
out neutralisation the response is 
3 db. down at 100 c/s. while, with 
optimum adjustment of (:, this is 
improved to 1,100 c/s. Too great a 
value for C: causes a rise in the 
response at about 900 c/s. while 
further increase in C: results in 
oscillation. 

The use of neutralisation to re- 
duce the input capacitance in radio 
transmitters and tuned R.F. ampli- 
fiers is well known but little use has 
been made of the technique at low 
frequencies. When the frequency is 
low the effects of unwanted 
inductance are negligible and, pro- 
viding the distributed capacitance in 
the source resistance is not exces- 
sive, a considerable reduction in 
effective input capacitance is possible. 
The separate, low-gain, correcting 
amplifier is not absolutely essential 
as a suitable in-phase feedback 
voltage may be derived from the 
main amplifier. However, experi- 
ence has shown that the separate 
amplifier arrangement is to be pre- 
ferred. In a recent paper to this 
Journal Hughes} has mentioned the 
limitations set by valve input capa- 
citance when using electronic methods 
of measuring dosage; it is probable 
that neutralisation would be of 
value in this application. 





+ ~~ H. A., Electronic Engineering, 21, 1949, 
p. 80. 
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Frequency Allocation for Five Channels and Recommendations for 
Receivers for Asymmetric Sideband Reception 


Frequency Allocation Plan 


Te frequency band from 
41.0 Mc/s. to 66.5 Mc/s. is at 
present available for the television 
service, but there is reason to hope 
that within the next few years it 
may be extended to the full band 
of 41.0 Mc/s. to 68.0 Mc/s. which 
was allocated to television by the 
Atlantic City Conference. 


A plan for allocating the fre- 
quencies in this band has been 
agreed to by the Television Advisory 
Committee and by the Radio In- 
dustry Council, and is indicated in 
Fig. 1. By adopting asymmetric 
sideband transmission, five indepen- 
dent channels will be obtained, as 
soon as the full band up to 68 Mc/ Sy 
is available. This number of 
channels is essential if a large part 
of the population of this country is 
to receive a television service on 
this waveband, for experiments 
have shown that the sharing of a 
channel by television transmitting 
stations is satisfactory only if the 
stations are separated geographi- 
cally by 800 miles or more. 

The Alexandra Palace transmis- 
sion is to remain unchanged in its 
characteristics, i.e., no attenuation 


of the upper sideband is to be intro- 
duced at the transmitter, so as not 
to react unfavourably on the large 
number of existing receivers in the 
London area which rely largely on 
reception of the upper sideband to 
preserve their overall video res- 
ponse. 

It will be seen that in each 
channel the spacing between sound 
and vision carriers is standardised 
at 3.5 Mc/s, and that the spacing 
of the vision carrier of any of the 
new channels from the sound 
carrier of the channel next higher 
in frequency is 1.5 Mc/s. No serious 
difficulty should be experienced in 
receiver design in discriminating 
sufficiently against adjoining chan- 
nel interference, because of the 
asymmetric response characteristics 
which will in any case be necessary. 


The design of the vision chain of 
all future transmitters will permit, 
as at Alexandra Palace, the trans- 
mission of vision signals substan- 
tially undistorted in amplitude and 
phase up to a vision frequency of 
2.75 Mc/s. The carrier and the 
complete lower-frequency sideband 
of the amplitude modulated vision 
signal, together with the upper side- 


band for vision frequencies up to 
0.75 Mc/s., will be transmitted sub- 
stantially unattenuated and with 
negligible phase distortion. This 
corresponds to a pass band of 
3.5 Mc/s. in width. For vision fre- 
quencies above 0.75 Mc/s. the 
upper sideband will be considerably 
attenuated. 

Channel 4 has already been 
allocated to the Sutton Coldfield 
transmitter, whose vision carrier 
frequency will therefore be 61.75 
Mc/s., with a pass band extending 
from 59.0 to 62.5 Mc/s. The sound 
carrier frequency will be 58.25 Mc/s. 
and will be amplitude modulated. 
The allocation of Channels 2, 3 and 
5 to transmitting stations to be 
erected after Sutton Coldfield has 
not yet been decided, but it is pro- 
bable that Channel 5 will be the last 
to come into operation, because 
agreement to the extension in this 
country of the television band from 
66.5 Mc/s. to 68.0 Mc/s. must first 
be obtained. 


Receiver Characteristics 


The technique to be used in the 
reception of the asymmetric side- 
band vision transmissions originat- 
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tig. 4. Ideal Frequency Response Cnaracteristic of Television neceiver tor ~.~.u. 


Transmissions 


ing from Bb.B.C. television trans- 
mitters will be similar in some 
respects to that used in television 
receivers in the U.S.A. for trans- 
mitters operating according to the 
F.C.C. Standards of Good Engineer- 
ing Practice. The lower, instead of 
the upper, sideband will, however, 
be used to provide the vision signal. 

An idealised frequency-response 
characteristic for a receiver is 
shown in Fig. 2, and this charac- 
teristic is summarised in Table I: 


TABLE | 





Part of Frequency Band Receiver Response 
Megacycles per second | Per cent 


(fe 2.75) to (fc 0.75) 100 
fc 50 
above (fc+0.75) 0 








The shape of the response curve 
of the receiver between the fre- 
quencies of (fe—0.75) and (fc +0.75) 
Mc/s. is indicated in the diagram, 
the idealised curve being shown by 
the full line. It is not, however, 
necessary in practice that the linear 
relationship indicated should exist, 
the actual requirement being that 
for vision frequencies up to 0.75 
Mc/s. the total response of the 
receiver to the lower and to the 
upper sideband frequency should 
be 100 per cent. In practice, the 
response curve of most receivers 
will probably be similar to that 
shown by the dotted line in the 
diagram. 

it is not feasible to specify the 
permissible limits of phase distor- 
tion in the receiver, because jin 
practice these limits will be deter- 
mined by a compromise in design 
between the cost of mass-produced 
receivers and the degree of visible 
picture distortion which can_ be 
tolerated. The problem is further 
complicated by the transient distor- 


tion inherent in an asymmetric side- 
band system (see, for example, 
Kailmann and Spencer, Proc. I.R.E., 
December, 1940, page 557). 

The vision receiver, while pre- 
serving substantially 100 per cent 
Tee down to a frequency of 

-~2.75) Me/s., will need to 
vote. by at least 30 decibels, 
the sound carrier on (fe —3.5) Mc/s. 
in order to avoid interference on 
the picture from the sound modula- 
tion of the adjacent channel. The 
more sensitive type of receiver will 
also need to attenuate by at least 
50 decibels a signal on (fe + 1.5) 
Mc/s., in order to allow for a sound 
channel on that frequency, on the 
basis that in fringe areas of recep- 
tion the field strengths of the 
wanted and unwanted television 
transmissions may be approximately 
equal. Less discrimination may 
perhaps suffice for receivers intended 
only for more local reception, but 
it cannot be too highly stressed that 
interference on the picture due to 
a beat frequency of 1.5 Mc/s. is very 
easily visible. 

Reception of Alexandra Palace 


A receiver designed according to 
these principles will also be suitable 
for receiving the transmissions from 
Alexandra Palace, despite the fact 
that this station will continue to 
radiate both sidebands. The same 
fundamental design of receiver will, 
therefore, serve for the reception of 
all British television transmissions 
as at present proposed, whether the 
adjustment for the desired channel 
be made by the tuning of a beating 
oscillator in a sunerheterodyne 
receiver, by the trimming of pre-set 
signal-frequency circuits, or by 
ganged circuit tuning arrangements. 
Information supplied by :— 

Engineering Information Depariment. 


The British Broadcasting Corporation. 
Broadcasting House, London, W.1. 


changed 
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Ultrasonic “ Stethoscope” for 
Testing Generator Rotors 


99 


N_ ultrasonic ‘‘ stethoscope 

that enables engineers to ex- 
plore solid pieces of steel as much as 
30 ft. thick by means of sound 
waves is being used successfully by 
the American Westinghouse Com- 
pany to assure flawless quality in 
its giant electric generators. 

The new technique beams ultra 
high frequency sound waves through 
massive steel parts. The reflected 
sound reveals the quality of the 
metal with all the accuracy of 
super X-ray’ while penetrating 
thicknesses that X-rays cannot 
reach. By checking that all the 
rotor shafts are free of internal 
flaws, Westinghouse scientists ensure 
that they will stand the strain of 
making 3,600 revolutions a minute 
under working conditions. 

An application of wartime de- 
velopments, the ultrasonic process 
is based on the same principle as 
radar, but whereas radar projects 
radio waves through the air, the 
high frequency sound _ projector 
sends waves of sound through 
solid metal. 

A crystal, similar to the crystal 
used in most record player pick-up 


arms, changes electrical’ impulses 
into sound waves, which are pro- 
jected through the metal. Tiny 


cracks, cavities or foreign particles 
in the metal reflect sound back to 
the crystal, and these reflexions, 
back into electrical im- 
pulses, appear as bright, vertical 
lines on the viewing screen of an 
electronic receiver. 

By measuring the time jt takes 
the sound waves to go through the 
metal and bounce back to the 
crystal, metallurgists can locate any 
flaw exactly. When the metal is 
flawless all the way through the 
sound waves reflect from the 
opposite side of the object. 

In addition to testing generator 
rotors, the ultrasonic technique is 
used ‘also for testing other metal 
parts ranging from 25/100ths of an 
inch to 30 ft. thick, X-ray, which 
is used in many quality tests, is 
practical only for metal thicknesses 
up to about 6 in. 

Among the giant machines being 
produced by Westinghouse with the 
aid of the ultrasonic equipment are 
large steam turbine generators, 
some of which are rated above 
100,000 KW. The rotors for these 
huge generators are 40 in. thick. 

M. Lorant. 
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Televising the 1949 Oxford and Cambridge Boat Race 


‘By T. C. MACNAMARA and P. A. T. BEVAN* 





HE B.B.C.’s successful televi- 

sion broadcast of the whole of 
the Oxford and Cambridge Boat 
Race from start to finish on Satur- 
day, March 26, can reasonably be 
said to represent a further milestone 
in the history of television outside 
broadcast engineering technique. In 
the past it has been feasible to tele- 
vise only the start and finish of the 
race from the shore, using the two 
massive pre-war control room units, 
each of which comprises the appara- 
tus for three camera channels and 
six microphones, permanently rack- 
mounted in vans constructed on bus 
type chassis. The new E.M.I. and 
Pye outside broadcast television 
equipments recently brought into 
service to supplement the pre-war 
units are, however, constructed on 
the portable unit principle and may 
readily be removed from their trans- 
porting vehicle and installed at sites 
which were previously inaccessible 
to the pre-war equipments because 
of their fixed construction in the 
van. 

This feature of easy portability 
has proved invaluable in practice, 
because not only has it enabled the 
number and scope of possible tele- 
vision outside broadcasts to be 
vastly increased, but the labour .of 
installing the equipment and run- 
ning the cables to the camera posi- 
tions has been much lessened and 





* Engineering Division, B.B.C. 





the time necessary to complete the 
installation greatly reduced. 

The actual apparatus units, which 
are carried in light tubular steel 
racks are considerably lighter and 
smaller than their pre-war counter- 
parts owing to the use of minia- 
turised components and valves and 
the adoption of new and improved 
circuits. 

Experience with these light-weight 
equipments encouraged the B.B.C. 
engineers in the belief that a tele- 
vision broadcast of the complete 
Boat Race could be achieved by 
mounting a single camera with the 
minimum of associated apparatus in 
a river launch following the race. 
Linkage of the picture to a shore 
station or stations whence it could 
be relayed to Alexandra Palace 
for broadcasting could, it was 
thought, be effected by a low-power 
radio transmitter operating in the 
very high frequency or micro- 
wave bands. 

The choice of a camera fell upon 
an instrument incorporating a pick- 
up tube of the Image Orthicon type 
and provided with a four-lens tur- 
ret for which a range of lenses 
was available. 


The considerations dictating this 
choice were several. First, the 
sensitivity of such a camera is very 
high so that there would be a good 
chance of obtaining a _ workable 
picture even on a dull day. 


Secondly, this particular camera 
equipment has been designed for 
extreme portability, at the expense 
of some of the facilities normally 
required for outside broadcasts of 
the more orthodox type, and the 
bare necessities of equipment 
required for its efficient operation 
are built into four suitcase con- 
tainers of average weight of about 
50 lb. each. 


The unit is thus very suitable for 
use in places where weight and 
space are at an extreme premium 
and where the cueing, intercom and 
preview facilities required for a 
normal multi-camera outside broad- 
cast can and must be dispensed with. 


Considerable thought was devoted 
to the choice of a vision transmitter 
and its operating frequency for the 
purposes of radio linkage. A micro- 
wave transmitter provided with a 
4 ft. paraboloid reflector was avail- 
able, but after due consideration its 
use was abandoned. The reasons 
for this decision were two-fold. First, 
grave doubts were felt as to the 
safety with which a 4 ft. paraboloid 
could be mounted in a small launch. 

A second reason was that as a 
consequence of the high gain 
required for the successful operation 
of microwave links in which the 
power available is limited to a few 
milliwatts, the beam emitted is only 
a few degrees wide, and it was not 
thought that such a narrow beam 
could be consistently brought to 











bear on a remote receiving parabo- 
loid from a boat which, if the water 
was choppy, might roll considerably. 


Consequently a_ small _ portable 
transmitter designed to give an out- 
put power of 25 watts at peak white 
on a radio frequency between 50 
and 60 Mc/s was chosen as an 
alternative more likely to give 
successful results under the condi- 
tions which would be experienced in 
the boat. 


The problem of a suitable power 
supply for the equipment was by no 
means simple as the total consump- 
tion was some 3 KVA at 230 V 
50 cycles. To obtain such an output 
for any reasonable period from a 
battery-driven inverted rotary would 
require batteries of great weight. 
Moreover, the difficulties associated 
with the frequent charging neces- 
sary during the tests on the river 
would have been extremely incon- 
venient. 
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The 63 ft. launch 
“Consuta” 
showing the two 
units forming 
the Pye portable 
vision transmit- 
ter and the 
transmitting 
aerial 


The petrol 
engine genera- 
torset providing 
the power sup- 
plies for the 
whole of the 
equipment can 
be seen’ im- 
mediately for- 
ward of the 
transmitter. 
The Marconi 
camera is 
mounted in the 
bows 


Attention was turned, therefore, 
to the use of a petrol-driven genera- 
tor set, which at first sight would 
appear to be a simple solution of 
the difficulty. Reflexion, however, 
shows that the qualities required of 
such a generating set are not easily 
realisable. For example, it must 
have a high degree of freedom from 
mechanical and_ exhaust noise, 
because a healthy bark or loud valve 
clatter could not be tolerated in 
close proximity to the launch carry- 
ing the B.B.C. sound commentator. 
Moreover, the engine must be free 
from excessive vibration which 
would upset the operation of the 
delicate apparatus. Also the 
generated voltage and, above all, 
the frequency of the supply must 
be stable within very close limits if 
violent flashing and _ travelling 
stroboscopic humbars are to be 
avoided in the transmitted picture. 


It will be appreciated that the 
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requirements imposed by the fore- 
going are extremely _ stringent, 
especially when coupled with the 
further purely practical necessity 
that the engine generator unit must 
be small enough to be accommo- 
dated in the launch and light enough 
to be taken aboard without. too 
much difficulty. 

The B.B.C. engineers had avail- 
able, however, a type of small port- 
able petrol electric generator 
capable of delivering sufficient out- 
put incorporating a four-cylinder 
water-cooled engine with built-in 
radiator and capable of excep- 
tionally smooth and quiet running. 
The set was fitted with a high-grade 
sensitive governor, which held the 
frequency sufficiently close to 50 
cycles to satisfy even the exacting 
requirements of the television equip- 
ment. 

The camera, which weighed 
approximately 100 lb., was effec- 
tively floated on rubber cushions, 
and the tripod was secured by stays 
formed of heavy elastic, The camera 
was raised to a height of some 6 ft. 
above the water to give the best 
angle of elevation to the shot con- 
sistent with safety and operational 
convenience. 

The elaborate _anti-vibration 
mountings were necessary on two 
main counts. First, the pick-up 
tubes are unavoidably somewhat 
microphonic and any appreciable 
vibration generates spurious signals 
which appear as horizontal black 
lines across the picture. Secondly, 
any vibration of the camera lens 
system causes the optical image to 
vibrate upon the photo-cathode of 
the pick-up tube and this, coupled 
with the slight memory phenomena 
experienced in all tubes of the 
storage type, causes a reduction jn 
definition. 

This effects a softening of .the 
transmitted image, resulting in an 
“* out-of-focus ”? appearance in the 
final picture. The magnitude of the 
effect increases with the focal length 
of lens used, and with lenses of the 
telephoto type the loss of definition 
can be very serious indeed owing to 
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Map showing division of river into three sections. The receiver in the first section is situated on the Surrey side of the river on the roof of Harrods 
depository and receives pictures from the ‘‘ Consuta ”’ from the start at Putney to a point nearly opposite Harrods and close to Hammersmith 


The second receiver located at the Metropolitan Water Board pumping station on the Middlesex side beyond Hammersmith Bridge picks up 
after Hammersmith Bridge and functions as far as Barnes Bridge. The final section of the course and the finish of the race is covered by a third 
receiver having an aerial mounted on a fire escape positioned a few yards downstream from Chiswick Bridge. 


the large optical leverage involved. 

The camera control equipment 
was disposed immediately aft of the 
camera and the transmitter and 
petrol generator set were stowed in 


the stern. The transmitting aerial 
was rigged astern and arranged to 
give horizontally polarised radia- 
tion. 


The aerial was of the straight- 
forward horizontal half-wave dipole 
type with a single reflector element 
to direct the main radiation lobe 
towards the aerials of the relaying 
vision receiver sites on the shore. 


The use of horizontally polarised 
radiation for the transmission of the 
pictures from a launch was decided 
upon because under the special con- 
ditions encountered with a low aerial 
on the river, horizontally polarised 
waves were found to give substan- 
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tially steadier propagation condi- 
tions and to be far less subject to 
the effects of random refiexions from 
buildings and high ground than 
vertically polarised waves. 

With the very high carrier fre- 
quencies necessary for high defini- 
tion television transmission, the 
resulting reflexions from nearby 


buildings and from the four bridges 
spanning the river over the course 
constituted the greatest difficulty of 
this broadcast, since it will be 
appreciated that the reflected waves 
can give rise to multiple images and 
violent variations in the strength of 
the vision signals received from the 
launch at the shore relay receiving 
point. For this reason, and because 
the bridges form a natural barrier 
to the radio waves, the useful opera- 
tive range of the launch transmitter 
was rather restricted, and to obtain 
consistently satisfactory reception it 
was necessary to divide the course 
into three sections and to establish 
three shore relaying receiving 
stations to cover the whole of it. 


In order not to break the con- 
tinuity of the pictures transmitted 
during the race at times when the 
transmitting launch was close to or 








passing under the bridges, and thus 
in an area where violent reflexions 
made its signals unusable, fixed 
shore cameras were also stationed 
at the Harrods Depository and 
Metropolitan Water Board sites. 
Shots from these cameras were 
switched into the picture relaying 
network during the periods when 
pictures received from the launch 
were unsuitable; they also served to 
give a different angle of view and 
a better indication of the relative 
position of the Oxford and Cam- 
bridge boats as they passed these 
points. In addition to these con- 
tinuity cameras, three shore cameras 
were also provided at the start at 
Putney and two more at the finish, 
thus making eight cameras in all. 
From this point of view alone the 
Boat Race broadcast constituted the 
most ambitious vision equipment 
set-up the B.B.C. have so far 
attempted. 


The line, cable and repeater net- 
work required to relay all these 
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picture sources to Alexandra Palace 
for broadcasting was _ necessarily 
somewhat complex and was provided 
by the Post Office Engineering 
Department. 


A general appreciation of the cir- 
cuits involved can be obtained from 
the diagram. The circuits were part 
normal telephone line, equalised and 
phase corrected for wideband televi- 
sion transmission, and part coaxial 
cable. 


The selected picture from the 
shore-based cameras at Putney was 
routed through the Broadcasting 
House television repeater station to 
Alexandra Palace, but in the case 
of Harrods and the Metropolitan 
Water Board sites the selected pic- 
ture (launch or shore camera) had 
first to be routed via Riverside 
Exchange to Chiswick Exchange 
where they met the pictures coming 
from the finish at Mortlake. 


The appropriate changeover from 
the initial pictures received at 
Harrods to those received later at 
the Metropolitan Water Board was 
made at Riverside, and the change 


Another view of the 
‘““Consuta’’ with 
its portable tele- 
vision equipment 


The camera is 
mounted on a tri- 
pod carried on a 
rubber cushioned 
supportingplatform 
to insulate it from 
vibration set up by 
the launch engine. 
The crew consists 
of driver, camera 
man, camera con- 
trol operator, 
transmitter opera- 
tor, engine attend- 
ant, aerial steerer 
and sound com- 
munication opera- 
tor, together with 
two reserve tech- 
nicians 
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from Metropolitan Water Board to 
the Mortlake pictures of the finish 
was made at Chiswick Exchange. 
From Chiswick a coaxial cable 
delivered in sequence the selected 
pictures to the Broadcasting House 
repeater station whence they were 
passed to Alexandra Palace by 
means of the special balanced tele- 
vision cable. The illustration also 
indicates the routing of the engineer- 
ing control lines associated with this 
vision network, the route of the 
television sound commentary lines 
from the start and finish, and the 
radio link sound commentary given 
from aboard the sound launch 
‘* Magician,” which commentary 
was transmitted to viewers and 
Home Service listeners alike during 
the period of the race itself. 


In view of this necessary arrange- 
ment of vision routing it was not 
possible to arrange for all pictures 
to be made available simultaneously 
at a central point so that pro- 
gramme production in the normal 
sense was not feasible for this broad- 
cast. 


The weather inevitably plays an 
important part in a_ television 
broadcast of this sort. Fortunately, 
however, the day was clear and 
fears of the consequences of rain on 
the inadequately weatherproofed 
equipment in the launch evaporated 
in the sunshine. 


The light value was so high, in 
fact, that with the launch camera 
lens stopped down to F.22 (the 
smallest aperture available with the 
iris provided) the incident light was 
too great easily to be handled and 
it became necessary to fit a filter. 
In spite of the inevitable early 
troubles the whole of the equipment 
behaved most satisfactorily during 
the race itself and viewers’ reactions 
suggest that the attempt was indeed 
very worthwhile. 


The broadcast was a concerted 
effort on the part of the television 
manufacturers, including E.M.I., 
Pye, Limited, Marconi’s Wireless 
Telegraph Co., Ltd., and others 
whose equipment was used, the Post 
Office Engineering Department who 
provided the vision cable equipment 
and the B.B.C. Specialist Engineer- 
ing Departments who planned the 
broadcast and operated the equip- 
ment, in collaboration with the 
Television Outside Broadcast En- 
gineering Organisation. 
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Cathode-Ray Tube Applications in Photography and Optics’ 


PART Il 


{Gear and Sprocket Studies 


O™= of the basic problems in the 
motion picture industry is that 
of obtaining accurate repeated 
sprocket teeth on motion-picture 
cameras and that of obtaining 
accurate repeated sprocket perfora- 
tions on motion picture films and 
papers. 

If these perforations or sprocket 
teeth are not properly made, then 
the final theatre image will weave 
up and down or from side to side 
or jump erratically as anyone who 
has seen prints of old movies may 
readily testify. The accuracy and 
reproducibility of these perforations 
and sprocket teeth may be easily 
studied by oscillographic methods. 
These methods involve a combina- 
tion of optical and electronic mag- 
nification of the defects encountered. 
In order to display these defects on 
a cathode-ray oscilloscope, a scan- 
ning technique is adopted in which 
the scanning element consists of a 
slit or small aperture placed in 
front of a photocell. The output of 
the photocell is then applied to the 
vertical plates of the oscilloscope, 
after amplification, if necessary. In 
testing sprocket teeth or the gears 
on motion picture cameras, for 
example, the gear may be rotated 
at the operating speed and the out- 
line of the gear tooth picked up by 
means of the scanning slit. Fig. 15 
shows the optical setup just des- 
cribed. If the sweep frequency on 
the oscilloscope is equal to the time 
it takes for one tooth to pass the 
slit, then a repeated image of each 
tooth appears on the oscilloscope 
screen. This image may have been 
enlarged optically before reaching 
the slit and may then be further 
enlarged by means of the vertical 
and horizontal amplifiers on the 
oscilloscope. Any eccentricity in 
the gear tooth, either angular or 
or radial, may readily be seen and 
amplified to the desired value. As 
shown in Fig. 16, this method has 
the advantage that it tests the gear 





+ Based on a paper presented at the National 
Electronics Conference, November 5th, 1948. 


* Allen B. DuMont Laboratories, 1000 Main 
Avenue, Clifton, New Jersey. 


By CARL BERKLEY* and RUDOLF FELDT* 
































S 
fi L 
es L — iL . 5 
Avs = at ya 
g 
1 g 
a 
pene See lees AXLE 
wm 
Z 
Z 
gy 
gy 
za 
Lal 
Fig. 15. Optical setup for gear testing 


under operating conditions so that 
effects of dynamic unbalance or 
bearing eccentricity are apparent. 
A vibration pickup may similarly be 
used in a conventional manner on 
the oscilloscope to determine which 
of the gears in a motion-picture 
camera is causing a repeated noise 
in the sound track, for example, by 
correlating the frequency of repeti- 
tion of the pattern on the oscillo- 
scope with the rate at which 
various gears move in the camera. 
In the case of sprocket-perforation- 
accuracy measurements exactly the 
same technique is used, the scan- 
ning slit being similar to a sound 
track slit. 


This technique of combined 
optical and electronic magnification 
will be illustrated by a very similar 
example, taken from another field, 
the testing of razor blades. Razor 
blades are manufactured in a con- 
tinuous strip which are sharpened 


on special grinding machines and 
are then honed and stropped. A 
microscope and photocell has been 
used to look at the edge of each 
blade as it passes by. Fig. 17 shows 
the optical setup used. The sweep 
frequency on the oscilloscope is 
synchronised with the _ repetition 
rate of the blades. The resultant 
patterns are shown in Fig. 18. The 
dips between patterns are due to the 
gaps between blades. The sensiti- 
vity here is equivalent to a magnifi- 
cation of 1,000: 1, about 100 of this 
magnification being accomplished 
optically, the other factor of 10 
accomplished electronically in the 
oscilloscope amplifier so that a 
deflection of one inch on the cathode- 
ray tube screen is equivalent to 
1/1000th of an inch on the razor 
blade. The pictures show a number 
of blades which are perfect and 
some blades which have nicks about 
1/2000th of an inch deep. 


Automatic Printer Adjustment 


One of the basic problems in the 
photo finishing industry is to obtain 
a properly exposed and developed 
set of prints from a widely varying 
series of negatives. This is usually 
accomplished by a__é hit-or-miss 
system which is based solely upon 
the judgment of the printer in the 
darkroom. This precludes accurate 
duplication of results from one 
photofinisher to another. Some 
attempts have been made to use 
electronic exposure controls which 
automatically adjust at least the 
exposure for these widely varying 
negatives. The darkroom operator 





Fig. 16. Typical patterns obtained with perfect and defective gears 


(a) A perfect gear 


(b) An eccentric shaft 


(c) Irregular tooth size 


or angular spacing 
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still has to select the proper grade 
of printing paper. 

A suggested approach to this 
problem is to print each negative 
to suit the personal preferences of 
ths customer instead of attempting 
to make all pictures of uniform 
quality. These personal desires 
with respect to the artistic effect of 
the print may be determined by 
means of electronic equipment 
operating as follows: 


This machine, to be placed in the 
photofinisher’s anteroom, consists of 
a simplified television imaging 
system such as a flying spot scanner. 
When the negative is placed into 
the machine, a_ positive image 
appears on the cathode-ray tube 
screen which shows how the final 
print will look. There may be only 
two adjustable controls on _ this 
machine, one controlling the gamma 





Fig. 18. Pattern obtained with razor blade 
tester, showing a number of defective blades, 
compared with the edges of good blades 


Optical setup for razor blade testing 
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Fig. 19. Typical cathode ray tube sound track recordings 


of the image and calibrated directly 
in the contrast grade of the print- 
ing paper. The second control is 
a brightness control calibrated 
directly in exposure time required 
for the selected brightness. After 
adjusting the controls until a pic- 
ture having the proper aesthetic 
effect is obtained, the print can be 
made under well-defined reprodu- 
cible conditions. 

Another and more serious prob- 
lem exists in colour film printing. 
[It is very difficult to make a good 
colour print from a colour negative 
without a trial-and-error process. 
Much of the guesswork can be taken 
out of this process by applying the 
above principles to it. Various 
methods have been proposed in the 
patent literature to enable an elec- 
tronic viewing of a negative and a 
suitable phase and colour reversal 
so that the appearance of a positive 
may be directly determined and the 
proper corrective measures taken. 


Sound Recording 


Since the earliest days of the 
cathode-ray tube, various types of 
tubes have been proposed for use as 
sound recording elements in sound 
on film systems. One of the first 


to suggest this use and to build 
cathode-ray tubes for this purpose 
was Von Ardenne, who built the 
equipment and actually made such 
recordings. It is possible to make 
such sound recordings with perfectly 
standard cathode-ray oscillograph 
equipment and a continuous record- 
ing camera such as the Type 314 
camera. Fig. 19 shows some ex- 
amples of such sound recordings 
made by voice modulating a 
100-Ke. signal in a mixer tube and 
recording the result with the 
camera. These signals may readily 
be played back on the oscilloscope 
by scanning them with an _ illu- 
minated slit in a conventional 
manner. The advantage of the 
cathode-ray oscilloscope here is that 
there is no limitation as to fre- 
quency response in the recording 
element itself, since modulating fre- 
quencies as high as desired may 
be recorded and_ played back. 
Obviously a _ cathode-ray oscillo- 
scope is the best tool for properly 
studying, adjusting and describing 
the performance of electronic motion 
picture sound equipment. Such 
phenomena as hum, cross modula- 
tion and _ inter-modulation may 
readily be recorded by standard 
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techniques and many _ references 
appear in the literature to these 
methods. 


Study of Light Sources for Ripple 


One of the difficulties in illuminat- 
ing a motion picture set with 
tungsten lamps is that the power 
supply must, in many cases, be 
direct current in ordef to avoid a 
brightness flicker in the final image 
due to the 120 cycle variation in the 
light emitted from a.c.-operated 
lamps. This variation causes an 
annoying beating of the frame fre- 
quencies with the ripple frequency, 
and if a camera is to be operated 
at high speed this flicker may 
become very annoying. Particular 
difficulty is encountered in cases 
where a motion picture has been 
made at high speed of a phenomenon 
illuminated by a.c.-operated lamps 
and then the film printed on a high- 
speed printer also operated on A.c. 
Occasionally the dips in the expos- 
ing light output and printing light 
output become synchronous, with 
resulting light fluctuation in the 
final projected image. In recent 
years, many new types of filament 
construction have been adopted to 
minimise this defect and to produce 
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Fig. 20. Ripple in small 
A.C. operated lamp 


(a) Showing incande- — 


scence 


(b) Showing nigrescence 


These recordings made 
with repeated sweep 
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Fig. 21a. Spectograms of a low pressure mercury arc at various 


times after starting. 


(Figures in diagram relate to seconds 
after starting) 





as little ripple as possible. The best 
way to study this ripple is on a 
cathode-ray oscilloscope, equipped 
with D.c. amplifier, so that the 
ripple may be expressed as a per- 
centage of the total light output. 
Figs. 20a and b illustrate some typical 
examples of the ripple percentage 
of a certain lamp. In making these 
oscillograms, it was also of interest 
to determine which of these lamps 
lent themselves most readily to 
modulation for the transmission of 
information over light beams, The 
incandescence and _nigrescence 
curves can easily be seen and studied 
on these cathode-ray oscillograms. 


Colour Specification 


Another problem in photography 
and optics is the proper description 
and specification of various colours. 
A cathode-ray tube spectrograph for 
accomplishing this very result has 
been described by ‘the authors." 
Figs. 2la and b_ show’ some 
typical cathode - ray - tube - pro- 
duced spectograms obtained with 
this instrument. This _ instru- 
ment produces the colour informa- 
tion required within 1/120th of a 
second. The information may readily 
be put into various other standard 
forms such as into International 
Commission on Illumination Co- 


ordinates. To obtain the I.C.I. co- 
ordinates requires certain standard 
integrations, additions and divisions 
which may be accomplished elec- 
tronically, by converting the infor- 
mation into digital form. To 
indicate these I.C.I. co-ordinates, a 
cathode-ray tube again is a useful 
tool since a universal I.C.I. colour 
diagram may be placed over the face 
of the tube, the position of the spot 
enabling reading of the co-ordinates 
directly. The output of a three- 
filter photometer may also be shown 
in this manner instantaneously on 
the cathode-ray tube screen. 
Another use of the cathode-ray 
tube spectrograph in optics is in the 
study of the colour aberrations of 





Fig. 21b. 
chromatic aberration, 
centre of image; at right, at edge of image 


Light distribution in image showing 
Pattern at left, at 








optical systems. Fig. 21b shows 
the colour distribution of the image 
of a rather poor lens along the axis, 
and the colour at one of the fringes 
of the image. Many other uses for 
this instrument have already been 
described, such as the immediate 
drawing of filter-transmission curves 
or the reaction between chemical 
solutions, indicating, for example, 
when a developer has reached the 
exhaustion stage. 


Conclusion 


While it has not been possible to 
give here a complete description of 
all cathode-ray tube applications 
considered in optics and _ photo- 
graphy, it should now be obvious 
that cathode-ray tubes and oscillo- 
scopes are valuable tools for solving 
many technical problems. Because 
of lack of space we have not been 
able to consider many of these in 
the detail they deserve. 


It has been mentioned at the 
beginning of this paper that the pro- 
cedures here suggested could find 
valuable application in many other 
industries as well. Choosing the 
automobile industry as typical, for 
example, the gloss measurement 
technique could readily be applied 
to the paint finish of automobiles. 
The goniophotometric technique 
could be used to measure the light 
distribution from various types of 
headlights. The techniques used for 
shutter, flashbulb, and synchroniser 
testing could be used for studying 
the operation of the vibrator in the 
car radio. The cathode-ray-tube- 
light source could be used as an 
ignition-timing light. The gear-and- 
sprocket testing system would find 
obvious application and the vibra- 
tion studies could be carried out to 
indicate the degree of riding comfort 
obtainable with particular suspen- 
sion methods. 


It is hoped that this brief con- 
sideration of some applications will 
stimulate the use of these oscillo- 
graphic techniques in as wide a 
range of problems as possible. 
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A Chart for Hyperbolic Functions 


By H. M. CLARKE, M.Sc., M.I.E.E.* 


SIMPLE aid in calculating 

exponentials can be_ readily 
made from single log paper having 
uniformly scaled abscisse as in 
Fig. 1. Draw the straight line from 
the origin to A = 2.803 y = log 10, 
thus the ordinate through any point 
X between A=0 and A = 2.303 
cuts this line at a value of y = E4. 
Moreover, the straight line from 
A = 2.308, y = log 1 to A = 4.606 
y = log 10 can be used to determine 
y = E4 for A lying between 2.303 
and 4.606, provided y is now taken 
as x10 of previous ordinate scale 
value. Similarly, for each addition 
to the abscisse of 2.308, the vertical 
scale can be taken as x10 of the 
previous value. 

Furthermore, if a straight line be 
drawn from A = 0, y = log 10 to 
A = 2.303, y = log 1, ordinates at 
any abscissa A cut this line at EA 
and for every addition to the 
abscisse of 2.303 the scale of y is 
x1/10 of the previous value. 

To determine cosh A or sinh 4A, 
E4 and E-‘4can be read from the 
appropriate ordinates and the value 





* Electrical Engineering Department, King’s 
College, London, W.C.2. . 


of cosh A and sinh A required are 
1/2x their sum or difference. 
Tanh A and coth A are similarly 
obtained. 

A common size of log paper is 
25 centimetres representing log 1 to 
log 10, and abscisse up to 25 or 50 
centimetres. The former can be 
readily used up to A = 2.303 and 
the latter A = 4.606, using 10 centi- 
metres to the unit. This paper 
allows reading to 0.5 mm. or about 
1/250. 

The accuracy of reading the 
ordinates being limited to 1/250 
precludes the use of this method for 
A is greater than 4.606 for hyper- 
bolics. Beyond this value, E-4 may 
be ignored in the calculation of 
cosh, sinh, tanh, and coth, ete. It 
may, however, be used for E4 or 
E-* to 1/250. 

Fig. 2 is a _ modification of 
Fig, 1 which may have more appeal 
than the latter. 

An example of the use of graph 
may be seen at A = 1.6, E4 is read 
as 4.97 and E-4 as 0.208 giving 
sinh A as 2.388, cosh A as 2.586, and 
tanh A as 0.922. 

By expansion, corresponding 
values are 2.3738, 2.577, and 0.921. 
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Portable Counter for Geological 
Research 


By O. J. RUSSELL, B.Sc., A.inst.P.* 


TH portable counter illustrated 
has been developed for prospect- 
ing for radio-active uranium and 
thorium minerals, geological investi- 
gations generally, and as an ultra- 
sensitive detector of lost or mislaid 
radium. It should be noted that 
quite apart from locating radio- 
active ores, the investigation of the 
slight residual activity present in 
virtually all minerals offers a new 
and exciting field for geological 
research, as changes in strata can 
be identified in this way. 

Results of investigation of the 
feeble activity present in all normal 
mineral ore should be of the utmost 
importance to geologists, as this 
new geophysical technique offers a 
fresh angle of attack upon many 
problems. Suggested applications 
are the confirmation of theories of 
the genetic relationship between 
rocks, the measurement of the 
gamma radiation from oil or rare 
mineral bearing formations, the 
investigation of the potash content 
of rocks, and as an aid to geological 
mapping. A paper (No. 91) pre- 
sented at the 18th International 
Geological Congress (London, 1948) 
reviewed the question of geologi- 
cal mapping employing surface 
measurements with the aid of this 
portable G.M. counter. This field 
of research is so new that the full 
extent of its possibilities cannot yet 
be assessed; however, it is clear that 
it offers a new and exciting field for 
research, 

The necessity for precision 
measurements and high sensitivity 
for these refined investigations pro- 
foundly influences the design of the 
instrument, especially as the para- 
mount consideration is portability. 
To combine sensitivity with rugged- 
ness, while keeping size and weight 
to a minimum, has necessitated the 
abandonment of conventional types 
of design commonly employed in 
portable G.M. equipments employed 
for uranium location or the recovery 
of lost radium tubes. The equip- 
ment developed by the Alltools 
Research Laboratories, employs a 
miniaturised multi-valve circuit 
embodying a valve extinction cir- 
cuit and a patented multi-vibrator 





* Alltools Research Laboratories, Ealing. 
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The Portable Counter 


circuit for pulse equalising and 
limiting functions. The equipment 
is, in fact, a scaled down version 
of a standard laboratory Geiger- 
Muller counter. All power sup- 
plies, including bias and a variable 
V.H.T. supply for the G.M. tube 
are derived from an external 6-volt 
accumulator as the basic power 
source. A light-weight motor cycle 
type is ideal. An accumulator 
which is readily rechargeable from 
a base station motor car, if neces- 
sary, has been chosen in preference 
to the doubtful advantages of dry 
batteries, which tend to deteriorate 
rapidly when under tropical climatic 
conditions. A built-in meter enables 
the battery voltage to be checked, 
together with the v.u.T. voltage 
applied to the G.M. tube. 

A direct counting circuit is 
employed, so that precision indica- 
tions of small variations of the 
apparent background may be made. 
This sensitivity is such that the 
normal statistical limitations apply. 
As the cosmic ray background count 
on the built-in G.T.21 tube is 
approximately 200 per minute 
variations in local activity which 
are a small fraction of this can be 
readily detected. ‘A _ variation 
equivalent to 4 per cent of the 
cosmic ray background can _ be 
detected by a three-minute count, 
and even smaller differences by 
longer counts. Such sensitivity 
enables small—but geologically sig- 
nificant—traces of activity to be 
detected on the surface. The use 
of headphone methods, or even 
** count-rate ’’ meter type indica- 


tors, cannot give any approach to 
this degree of sensitivity. The use 
of counting methods was adopted 
as a result of a careful study of the 
possibilities of existing equipments, 
and was embodied in the first model 
produced for the National Physical 
Laboratory. The value of , the 
counting technique has been amply 
proved during five years’ refinement 
of the design. The sensitivity 
enables deposits to be located, when 
more deeply buried, and the extent 
and direction of ore deposits to be 
more accurately located, as com- 
pared with detectors needing a high 
activity level before any positive 
indication is given. The value of 
this sensitivity has been shown also 
in the location of lost radium, even 
when deeply buried. In one fairly 
recent case, radium was immediately 
recovered from a site which had 
been repeatedly and unsuccessfully 
surveyed by other types of locating 
equipments. 

In the field ‘‘ iso-active’’ con- 
tours can be plotted if desired, 
while by means of plugs an external 
tube can be operated as an alterna- 
tive to the built-in tube. This 
enables a probe head containing a 
G.M. tube to be used in narrow 
crevices, or an M.R.C. type tube 
can be employed for tests on 
powdered rock samples or separates 
obtained in the field. The unit pro- 
vides, in effect, mobile laboratory 
facilities, in a single compact robust 
unit. Rubber sealing has_ been 
extensively employed to give pro- 
tection in humid climates. 

It is considered that the unit 
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represents a considerable advance 
upon other commercial designs, in 
cluding those available abroad. 


Finally, it may be noted that it 
is quite general to find uranium 
minerals associated with other 
valuable heavy metals such as 
copper, silver, tin, lead and even 
Despite the present concen- 
tration upon uranium, it is probable 
that the value of deposits of other 
valuable metals may be worth far 
more than the uranium associated 
with them. Conversely, the 
examination of mining residues from 
tin, copper, lead and other deposits 
may reveal workable concentrates 
of uranium. 








i HIS r.F. oscillator £.H.T. supply 
unit manufactured by Haynes 
Radio, Ltd., occupies little space, 
being about the same in volume as 
the transformer alone as used for 
mains connexion. 

The circuit consists of a simple 
k.F. oscillator of the tuned anode 
type used with a small tetrode 
valve. A secondary coil of high L/C 
ratio is coupled to the anode coil 
and across this an R.F. potential is 
developed which after subsequent 
rectification provides in the present 
instance some 8 KV with an avail- 
able current up to 300 microamperes. 
The small _ rectifier valve used 
derives its heater current from a 
coil of a few turns which is linked 
with the anode coil. 














Current for the oscillator is taken 
from the set H.T. supply and does 
not exceed 30 mA for the 8 KV 
output. This additional current is 
small in comparison with the total 
u.T. loading and can usually be 
taken without modification of the 
H.T. power supply unit. A small 
reservoir capacitor is charged by 
the rectifier and the E.H.T. supply is 
taken off through a limiting resistor. 

Voltage adjusting resistors are 
provided in the anode and screen 
leads with which by-pass capacitors 
prevent r.F. leakage to the H.T. 


supply. The oscillator valve is the 
6V6 biased by a leaky capacitor and 
working with a relatively low screen 
voltage. 


Litzendraht wire is used 


The R.F., E.H.T. unit 

with cover removed, 

showing general con- 
struction. 


5 to 8 KV Radio Frequency E.H.T. Unit 


for the anode winding. The E.H.T. 
coil consists of eight sections, graded 
in diameter for a uniform voltage 
distribution. Supported by its wire 
ends, the rectifier, an EY5l, 
charges a capacitor of 0.001 mfd. 
rated at 10 KV working. In series 
with the tall ceramic output ter- 
minal is a current limiting resistor 
of 220,000 ohms. 

Total screening is afforded by a 
strong copper container, possessing 
the required good conductivity for 
minimising losses in the coils, to 
which it must couple in some 
measure. The heater input is 
6.3 V 0.45 A and the u.T. 225/300 V 
20/28 mA, connected through a 
pair of under-base terminals. The 
container measures 4 in. by 3} in. by 
5in. high. The oscillator frequency 
is low, being 100 Kc/s., to give good 
efficiency as well as to ensure 
against R.F. brushing and_ the 
resulting destructive action of 
ionisation. 

The possible limitation of an 
available H.T. supply to 300 V has 
been taken into consideration and 
the 8 KV output is given when 
drawing 28 mA. A check of either 
voltage or current to these limits 
at the input is desirable to avoid 
excessive output. Not more than 
250 V at 24 mA gives the generally 
needed 6 KV £.u.T. At 225 V an 
output of 5 KV is obtained. The 
facility of obtaining a graded £.u.T. 
potential up to 8 KV is an 
advantage and adjustment is effec- 
ted by interposing a suitable resistor 
at the H.T. input terminal. 
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The Optimum Performance of a Wave Analyser 


HE article shows why the 
‘ringing’ of a filter or 
resonant system sets a limit to the 
speed with which the spectrum of 
an electrical signal may be explored 
by a wave analyser. If a wave 
analyser is to be fitted with a 
mechanical drive so that the spec- 
trum is explored automatically, it 
appears that there are certain 
optimum conditions which allow a 
maximum frequency discrimination 
to be obtained when the spectrum 
is to be explored in a given time. 
The frequencies present in a com- 
plicated electrical signal such as 
the electrical output of a micro- 
phone are commonly examined by 
a wave ‘‘ analyser ’’ which selects 
and measures the energy present in 
any desired narrow range of fre- 
quency. The adjustment of a dial 
determines the frequency selected 
and this adjustment is_ usually 
manual, 

The purpose of this article is to 
suggest that if the tuning dial were 
provided with a slow mechanical 
drive, and if the energy output of 
the wave analyser were recorded 
continuously by a pen or a camera, 
the business of exploring the spec- 
trum could be expedited. In some 
studies it is of importance to obtain 
the maximum possible information 
in a brief time and a manual opera- 
tion of a wave analyser in these 
circumstances. demands _ consider- 
able attention and much experience 
on the part of the observer. A 
manual operation undoubtedly per- 
mits greater flexibility in the 
adjustment of sensitivity and the 
re-examination of portions of the 
spectrum which appear to be of 
greater interest, but an automatic 
method is speedy and is less trying 
to the operator. 

This suggestion of a mechanical 
drive is not a new one, but some 
of the problems which arise in this 
technique have not hitherto been 
solved. There are two conflicting 
aims, one is to provide the greatest 
possible resolution of frequency and 
the other is to make the analysis 
in the minimum time. The pheno- 
menon known as “ ringing ”? makes 
it impossible to obtain more than 
a certain degree of resolution in a 
given time; when the pass band of 


* Admiralty Research Laboratory, Teddington; 
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the filter is very narrow and the 
selecting dial is rotated rapidly it 
is found that a single pure tone in 
the input signal gives rise to an 
output which builds up rapidly to 
a2 maximum near the correct posi- 
tion of the dial, but which decays 
only slowly and so confuses later 
signals. The effective pass band in 
continuous analysis is therefore 
wider than the nominal pass hand 
of the filter and some errors also 
arise in the measurement of fre- 
quency and amplitude. These points 
are discussed below. 


The ‘ringing’ of a _ transient 


resonance 


Fig. 1 shows the calculated trans- 
mission of a simple Q circuit on the 
assumption that the input to the 
circuit is an electrical signal of con- 
stant frequency and amplitude and 
the natural frequency of the system 
is changed slowly and continuously. 
The curves also apply to the con- 
verse case of a filter of constant 
frequency fed with a signal whose 
amplitude is constant but whose 
freauency slowly changes. The 
ordinate of the curve represents the 
power or square of the amplitude 
of the transmitted signal on a 
decibel scale; the abscissa represents 
the difference between the fixed and 
variable frequencies expressed as a 
multiple of the band width of the 
filter. Curve (a) is the transmitted 
power when the _ frequency is 
changed infinitely slowly, and this 
curve is the usual characteristic 
curve of the simple Q filter; the 
peak of the curve is arbitrarily set 
at zero on the decibel scale. Curves 
(b) to (g) show the transmission 
curves when the rate of change of 
frequency assumes various values, 
and the curves are drawn on the 
assumption that the time increases 
from left to right in the diagram, 
though the actual time interval 
represented by the ‘diagram varies 
for the different curves, being least 
for curve (g) in which the frequency 
is changed rapidly. It will be seen 
that the transmission of the filter 
increases smoothly, but decays in a 
series of beats, which are more pro- 
nounced the greater the rate of 
change of frequency. This beating 
appears to be an_ interference 
between the forced transmission of 





the filter when its natural frequency 
is no longer equal to that of the 
input signal, and the free oscilla- 
tions of the filter resulting from the 
energy it acquired near resonance. 
If in practice it is proposed to use 
a rapid change of frequency so that 
the transmission curve is similar to 
curves (e) or (f) it will probably be 
desirable to use a recorder suffi- 
ciently sluggish to give a fair repre- 
sentation of the transmission curve 
without these more rapid beatings. 

The various curves are labelled 
with the value of the quantity 
jf /® where 


f = df/dt =rate of change of fre- 
quency with time, 


5=f./Q= the frequency pass 
band of the filter in- 
dicated by curve (a) of 
Fig. 1 and is the fre- 
quency range within 
which the transmitted 
power is more than 
half the peak value. 


It is the value of this parameter 
which determines the shape of the 
transmission curve in any specified 
case. The parameter /f'/5* will be 
referred to as K. 

The errors associated with a con- 
tinuous analysis are evident from 
the curves of Fig. 1. The peak 
transmissions of curves (b) to (g) 
are all less than the peak transmis- 
sion in curve (a) and the amplitude 
of the input signal will be corre- 
spondingly underestimated; for con- 
venience the peak transmission is 
plotted against the parameter f /5 
as a continuous curve in Fig. 2. It 
will also be seen that the peak 
transmissions always occur a little 
later than the instant at which the 
frequency of the filter is equal to 
the frequency of the input signal, 
and the estimated frequency of the 
input signal will be too high or too 
low, depending upon whether the 
variable frequency is being increased 
or reduced; the frequency error is 
plotted against the parameter f / 5’ 
as a continuous curve in Fig. 3. A 
further point is that the width of 
the transmission curve is greater in 
curves (b) to (f) than in curve (a), 
and the frequency discrimination in 
a rapid continuous analysis is there- 
fore always less than the dis- 
crimination attainable with ‘a slow 
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analysis; the width of the various 
transmission curves, that is the fre- 
quency interval within which the 
transmitted power is more than 
half its peak value, is plotted 
against the parameter f'/5 as a 
continuous curve in Fig. 4. In 
estimating the band width a small 
amount has been added to those 
curves showing marked beating 
since it may be necessary to use a 
sluggish recorder to suppress the 
beats. The effective pass band is 
indicated by the symbol 4:. 


Numerical Example 


If the filter has a band width of 
5 cycles, the transmission curve has 
a form very nearly the same as the 
curves (b) to (g) in Fig. 1 when 
the frequency is changed at the rate 
of 20, 40, 80, 160, 320 and 640 c/s’. 
The associated errors in frequency 
and power of the signal may be 
deduced from the curves of Figs. 2 
and 3 and they are given in Table 1 
together with the effective band 
width estimated from the curve of 
Fig. 4. 

If it is not proposed to make any 
corrections to the measured strength 
and frequency of the signal it is 
perhaps tolerable to work at K = 1. 
The frequency error is then a little 
less than half the pass band, as can 
be seen from Fig. 8, and the power 
error is about 3 db. as given in 
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TABLE 
Continuous analysis with a filter whose pass band is 5 cycles wide (i = 5) 























Rate of change f' ; Parameter K Power Frequency Effective Curve in 

= df/dt | = {1/3 | error error pass band 6, Fig. | 
c/s* db. c/s c/s 
20 8 0.6 1.9 6.2 (b) 
40 16 1.0 = | 72 (c) 
80 3.2 1.6 5.0 88 (d) 
160 | 6.4 2.9 7.8 12.0 (e) 
320 12.8 | 42 12.0 18.0 (f) 
640 25.6 | 6.1 19.5 24.0 (g) 

Fig. 2. At this parameter the rate With a given filter a reduction in 


of change of frequency is equal to 
the square of the band width; a 
filter with a pass band of 5 c/s. 
would change frequency at the rate 
of 25 c/s. For more rapid analyses, 
at higher values of K, some correc- 
tion might be desirable though it 
should be noted from Table 1 or 
Fig. 3 that the frequency error is 
relatively small since it never 
exceeds the effective band width of 
the filter. 


The Technique of a Rapid Analysis 


When it is desirable to make an 
analysis as quickly as possible, the 
consideration which limits the speed 
of analysis is not the associated 
errors in the estimation of frequency 
and power, for a suitable correction 
to these measured values can be 
made from the theoretical curves of 
Figs. 1, 2 and 3; the limitation is 
the increased effective band width 
of a filter used at high values of K. 


the time taken to make the analysis 
is always accompanied by a reduc- 
tion in the discrimination of fre- 
quency; this is illustrated by Fig. 4 
where K is proportional to the speed 
of analysis of a given frequency 
range and the ordinate 4:/6 shows 
the factor of effective increase in 
the band width. An experimenter 
working with a given filter may 
adopt some technique intermediate 
between taking a long time to make 
a good analysis and making a coarse 
analysis rapidly. If it can be said 
that a sufficiently good analysis 
would be obtained if the effective 
band width were twice that of the 
given filter then Fig, 4 shows that 
the analysis may be made at a 
parametric value of 4.0; thus an 
analysis at an effective band width 
of 10 c/s. may be made using a 
filter of true band width 5 c/s. if 
the rate of change of frequency is 
100 c/s., and a spectrum from 0 to 
10,000 c/s. would be explored in 
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Fig. 2. Power transmitted by a filter in continuous analysis 


100 seconds. The errors in the 
estimates of frequency and power 
would be 6.8 c/s. and —2.0 db., and 
it may be thought necessary to 
make an appropriate correction. 


Analysis Using a Constant Parameter 


It is possible to arrange the 
apparatus so that the spectrum is 
explored in such a manner that the 
parameter K _ remains constant 
throughout the analysis. The 
advantage of this arrangement is 
that the corrections to be made to 
amplitude and frequency are then 
the same throughout the spectrum; 
so far as amplitude is concerned it 
may be unnecessary to introduce 
any correction if the parameter is 
kept constant, for it is usually the 
relative amplitudes of the different 
frequencies rather than their abso- 
lute amplitudes which are of 
interest. A constant parameter 
may be arranged in the following 
ways. 

For a filter with a constant pass 
band 34 it is clear from the definition 
of the parameter 


| ok J ee (1) 


that the parameter is constant if f 
is constant, or if the frequency of 
the filter increases (or decreases) in 
a linear manner with time. 


For a filter which is constructed 
to have a constant Q value over the 
frequency range, the pass band 8 is 
proportional to the frequency. 


5 = f/Q 
The parameter K may be expressed 
as 
K=/Qif 





Fig. 3. 





Frequency lag in peak transmission in continuous analysis as 
a fraction of the nominal band width 6 (full line) and as a fraction of 


the effective band width § (broken line) 


and if K is constant 
1 


oa a + constant ....+. (2) 
f Q 

and the frequency should vary in- 

versely with time. 


For a filter of fixed natural fre- 
quency fo investigating a spectrum 
of gliding tones such as would be 
produced by an engine whose speed 
was gradually falling, it appear’s 
that the analysis proceeds at a con- 
stant parameter if the engine speed 
S revs/sec. decreases exponentially. 
The overtone of frequency f which 
is being transmitted by the filter 
must be nearly equal to fo and is a 
multiple f./S of the engine speed. 
It follows that 


a8 _ SS , df 
dt ff. dt 
Since the parameter is given by 
df .. 
se 
- dt 


and the pass band 64 is constant, 
the analysis proceeds at a constant 
value of K if df/dt is constant. It 
therefore follows that 


I. peer ae 
sa. constant = 

4 4) ee > eee (3) 

and the speed S should change 


exponentially with time. 


It will be appreciated that an 
analysis need not be made under 
these special conditions, but that if 
they are attainable the interpreta- 
tion of the results is somewhat 
simpler, a constant value of K lead- 
ing to a constant power correction. 


Optimum Characteristics of a Filter 


If a given frequency range is to 
be explored in a given time, then a 
filter can be chosen which provides 
the best possible frequency dis- 
crimination. A filter with too wide 
a pass band is clearly unsuitable and 
a filter with a very narrow pass 
band might have to work at such 
a high parameter that its effective 
pass band would again be very 
wide. Between these limits there 
is an optimum width of pass band 
and a filter possessing a pass band 
of about this width provides the 
best analysis. 

The optimum is illustrated in 
Fig. 5 which is a re-plot of the 
curve of Fig. 4. The statement of 
the problem determines the rate f' 
at which the spectrum must be 
explored, and in Fig. 5 the effective 
pass band 4; is expressed as a frac- 
tion of the known quantity Vf and 
is plotted against the parameter K. 
It will be seen that the effective 
pass band is a minimum in the 
region of K=8. The effective 
pass band is then about 0.98 Vf 
ve the nominal pass band is 0.35 

As a numerical example we may 
suppose that it is desired to explore 
a spectrum between 50 c/s. and 
10,000 c/s. in a time of 10 seconds, 
and we may consider the cases in 
which this is done by a filter of 
constant band width or by a filter 
of constant Q. If the band width 
is constant it is evident from 
Equation (1) that the rate of change 
of frequency f must be constant in 
order to provide a constant value of 
parameter K. The rate of change 
of frequency must therefore be 
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1,000 c/s. very nearly, and at the 
optimum parameter, K = 8, the 
nominal pass band, & must be 
about 11 c/s. The effective pass 
band in the analysis would be 0.98 
V f' or about 31 c/s. If on the other 
hand the filter is to have a constant 
Q, it has been shown that the fre- 
quency should vary inversely as the 
time, 

1 


f 
so that for an analysis from f = 50 
to f = 10,000 in 10 seconds at the 
optimum parameter K =8 it 
follows that 


K 
= —>t + constant ...... (2) 


Q = 63 
or the nominal band width at, say, 
1,000 cycles is 

§ = 1000/Q = 15.8 c/s. 

The effective band width in the 
analysis at this frequency is .98/ .35 
times this value or 

6, = 44 c/s. 
and the effective Q throughout the 
‘ analysis is in similar proportion to 
the nominal Q 

Q: = 28. 

These two methods of analysis would 
occupy the same time, but the filter 
of constant Q would spend relatively 
more time and give greater resolu- 
tions in the lower frequencies. 

An optimum condition also 
appears if it is desired to analyse 
a given spectrum at a given effec- 
tive band width or with a given 
effective Q, for there is a filter which 
will produce the required analysis 
in a shorter time than any other. 
The curve of Fig. 5 serves to inter- 
pret the optimum conditions, for it 
shows how 54:/ Vf varies with the 
parameter K. Since 4: is prescribed 
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the shortest time of analysis is pro- 
vided when /f' is greatest, that is 
when 6:/ Vf' is least, at the optimum 
value of parameter, K = 8. The 
desired filter must have a nominal 
pass band 

§ = 0.35 5:/0.98 = 0.36 6, 

The minimum time may readily be 
calculated in any particular case 
since 

f K&* an 8 §? 
for the optimum filter. 

Thus if it is desired to explore a 
spectrum from 50 to 10,000 c/s. 
with a_ filter whose effective band 
width in the analysis is constant 
and equal to 10 c/s. the filter should 
have a nominal band width of 
3.6 c/s.; the rate of change of fre- 
quency should be 102 c/s. and the 
analysis would therefore take 98 
seconds. If it is desired to explore 
the same spectrum with a filter of 
constant effective Q equal to 100 
the nominal Q of the filter should be 

Q = Q:/0.36 = 280. 

The analysis would occupy a time 
given by Equation (2) as 


mal 1 1 ) 
= | — ~> ] = 182 seconds. 
K ji jz 

It is worth pointing out that the 
minimum in the curve of Fig, 5 is 
very flat. The examples above are 
worked for a parameter 8, but in 
practice any convenient’ value 
between 2 and 20 could be used 
without any serious loss in dis- 
crimination. 


t 


Multiple Filters 


It may be impossible for a single 
filter to explore the spectrum with 
the desired discrimination in the 
allowable time, and the frequency 
range must then be explored by two 
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or more filters working over different 
sections of the frequency scale. 
From the examples in the section 
dealing with optimum _ charac- 
teristics it is clear that the range 
from 50 to 10,000 c/s. cannot be 
examined with an effective band 
width of 10 c/s. in a less time than 
98 seconds if a single filter is used. 
The range can be covered in 50 
seconds using two filters working 
above 5,000 c/s. and below it, or 
in 83 seconds using three filters in 
the ranges 50-3,300-6,600-10,000 c/s. 
Further, it may not be necessary to 
explore all parts of the spectrum 
with the same band width, and the 
spectrum should be divided up so 
that the various sections can be 
explored in the same time, the time 
taken to explore a range of F c/s. 
is given by 
Time of analysis = 
F/f = F/K® = F/1.04 6y 
the final expression being obtained 
by using the optimum relations 
K = 8 and 46 = 0.36 4. 

Thus if the range of 50 to 10,000 c/s. 
is divided up into ranges of 50- 
1,000-10,000 c/s. and it is desired 
to explore these ranges with effec- 
tive band widths of 10 c/s. and 


30 c/s. respectively, the times 
required are about equal, being 
given by 

ti = 950/104 = 9.1 secs. 


t: = 9000 /940 = 9.6 secs. 

and by using two filters with 
nominal pass bands of 3.6 c/s. and 
10.8 c/s. working simultaneously 
the desired analysis is complete in 
9.6 seconds. 

Fig. 6 shows a series of analyses 
of the same electrical signal. These 
analyses were all made in the same 












































Fig. 4. Increase in effective band width with increase in speed in 
continuous analysis, the nominal band width being prescribed 


Fig. 5. Relation between effective band width and nominal band © 
width in continuous analysis when the rate of change of frequency is 


prescribed 
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time but with filters having different 
band widths. The parametric 
values are indicated on the curves. 
The electrical signal was one with 
a large number of overtones at 
equal frequency intervals. When 
the band width of the filter is very 
small, that is when the value of the 
parameter K is large, the various 
harmonics begin to lose definition. 
The beats on the decay of each 
transient resonance are obvious 
though they have been somewhat 
masked by the sluggishness of the 
pen recorder. 

The analyses were made with the 
power-driven machine described by 
Barber, Ursell, Darbyshire and 
Tucker’ which is the one used by 
this research group for the analysis 
of ocean wave records, and the, true 
spectrum would consist of a series 
of isolated ordinates corresponding 
to the various harmonics of the very 
complicated wave form of the 
record. These ordinates are repre- 
sented by the peaks in the various 
curves and the degree of resolution 
of successive peaks gives a good 
idea of the relative frequency dis- 
crimination in the various analyses. 
The filter had a natural frequency 
of 185 c/s., but the optimum con- 
ditions that this series indicates 
would be found for analyses at 
higher or lower frequencies. 


Theory 


The amplitude of the output 
signal from a simple Q filter sup- 
plied with an input signal of con- 
stant amplitude and slowly chang- 
ing frequency is shown by Barber 
and Ursell’ to be given by 


Amplitude = V (A’* + B’) 
where A and B are given at any 
time t by the expressions 

Ay _ 
BS 
* Fe nwn Sin ‘ 
fe sil | (awtu —} awu’)du 
4 cos J 


hanes (1) 
and the expression is equally appli- 
cable to a filter of variable fre- 
quency investigating a spectrum of 
tones of constant frequency. It is 
convenient to write the result in 
terms of 


fo the filter frequency = ©/27 

f the signal frequency = 

fo + Af = o(1 + at)/27 approx. 

8 the frequency pass band of the 
circuit measured as frequency 
interval within which the ampli- 
tude of the transmitted signal is 
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Fig. 6. Examples of the continuous analysis of an electrical signal rich in overtones. The 

spectrum was explored at the same rate of change of frequency in all cases, but the band width 

of the filter was varied. When the band width is very small (upper curve) the resolution is bad. 
This is to be expected by the very large value of the parameter K 


more than 0.7 of its peak value. 
8 = Info = fo/Q 
f' the rate of change of / or 
fo = df/dt or dfo/dt 


Then BS = 


>» 0 . 

pfe—urd OY (ae Aju —7fu')du 
: cos 

etaibice cen am datas (2) 

The Admiralty Computing Service 


has given tabulated values of the 
functions 


S 
cht 
ev SiN } ‘ 
e OY te POR ANE Pe 
vif DON (2T.V kv —kv*)dt 
Be ate ster, 2 (3) 


and it can readily be shown that the 
expressions (2) and (8) are related 
and that 

B 278VkEVC 
and amplitude = VS’ + (°/275Vk 





provided that 
T = Af/8Vk 
k = fi] 78 


The curves of the present report are 


the values of VS’ + C’/ Vk plotted 
in terms of the variable 

TVk = Af/s 
which is a scale of frequency in 
units of the band width 6. The 
parameter K which denotes the 
various curves is simply related to k 

K = 7k = f'/® 

and this parameter is also used as 
abscissa in the curves of Figs, 2, 3, 
4 and 5. 

Attention is directed to other 
mathematical treatments of “ ring- 
ing” given by Lewis‘ and Hok.’* 
References to work on “ ringing ”’ 
prior to 1985 are given by Meyer.° 

The article is published by permis- 
sion of the Admiralty. 
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AN 
ELECTRONIC 
STOPCLOCK 


By K. J. BRIMLEY, B.Sc.* 


1” the testing of delay detonators 
a requirement arose for apparatus 
capable of timing intervals of up to 
12 seconds to an accuracy of better 
than 1/100 second. The apparatus 
had to be robust and reliable and 
capable of accurate operation by 
unskilled labour, which meant that 
the reading must be direct and 
simple. 

A variety of schemes was put for- 
ward and a number of commercial 
instruments considered, but nothing 
existed which completely fulfilled 
the requirements. 

The resulting instrument (see 
Fig. 1) has_ been completely 
satisfactory and is capable of con- 
siderably improving on the specifica- 
tion laid down. In addition to its 
use as a timing apparatus, the cir- 
cuit has interesting possibilities as 
a high speed mechanical counter, 
and has been tested as such. 

Fundamentally the arrangement 
is a high speed mechanical counter, 
in which a Scophony ‘“ torque 
motor ”’ type BTM is used, in con- 
junction with two thyratron in- 
verters. This combination totals 
the quarter cycles of a standard 
oscillator within the interval defined 
by two trigger circuits, the latter 
being operated by the events form- 
ing the interval. 

In this case the two events were, 
respectively, the firing current of 
the detonator and the sound of the 
detonation picked up on a suitably 
placed microphone. 

The oscillator, trigger and gating 
circuits are perfectly conventional. 
A tuned R.C. oscillator is used as 
frequency standard and, with a very 
high degree of negative feedback, 
the frequency stability is better 
than the 1/1200 required, provided 
that the temperature range in which 
the instrument is used is not exces- 
sive. A frequency of oscillation 
clear of mains harmonics was 
selected to avoid possible pulling. 
The trigger circuits employ GT1/C 
thyratrons and the gating circuit 
two ‘Carpenter’ high - speed 
polarised relays. The latter were 
found to have an operating time 
shorler than the permissible error, 





* Imperial Chemical Industries, Limited, Nobel 
— Research Department, Stevenston, Ayr- 
shire. 
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Fig. |. 


Rear view of 
the Electronic Stop- 


clock 


Fig. 2. (Below) Principle of the motor drive 
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and the scatter of their operating 
times was exceedingly small. 

The interesting part of the 
apparatus is the actual counting 
arrangement. The Scophony motor7 
is shown schematically in Fig. 2. 
Although intended as a split phase 
a.c. motor, the method by which it 
is used here is somewhat different. 
The two fields are normally p.c. 
energised, thus the armature is 
locked into a_ position mid-way 
between two poles. If the fields are 
now commutated in turn, the arma- 
ture will move _ discontinuously 
between four fixed positions, thus 
producing discontinuous rotation of 
the shaft at a rate of 1 rev. for each 
400 commutations. As explained in 
the article referred to above, the 
tooth cut of the reduction gear is 
small, enabling a large are of con- 
tact, and thus quite high torque 
can be transmitted. The small 
tooth size also means that the actual 
motion of the armature is small, 
with the result that the movement 
from one locked position to another 
can be executed very quickly. This 
method of operation prevents any 
overshoot after the final count since 
the p.c. polarisation of the field locks 
the armature into its final position. 
Using the circuit of Fig. 3, the 
motor will respond to pulses fed in 
at a rate of up to about 1,200 per 


+ Electronic Engineering, Oct. 1946, p. 308. 
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second, and this can be slightly in- 
creased for short periods if the 
standing currents in the windings 
of the metor are increased. 

The operation of Fig. 3 is straight- 
forward. V: is an Eccles-Jordan 
D.c. coupled trigger circuit, trig- 
gered between stable states by 
negative pulses. This produces posi- 
tive pulses alternately at each pair 
of inverter grids. (The negative pulses 
between the positive ones are not 
effective). Each posilive pulse pro- 
duces the commutation of the appro- 
priate inverter and _ thus_ the 
arrangement shown commutates the 
two motor fields alternately. 

This arrangement was originally 
used to drive the ‘‘ clock.”’ The 
standard frequency input was fed to 
Vi as a gated sine wave in parallel 
with R:, thus giving one positive 
pulse to each inverter each cycle. 
A difficulty arose in this method, 
namely that it was necessary to 
start with the trigger circuit and 
the two inverters in pre-determined 
relative positions, otnerwise the 
sense of rotation of the metor was 
indeterminate. This was readily 
accomplished, but it was found that 
occasionally electrical interference 
might trigger one of the inverters 
prior to the arrival of the appro- 
priate signal, in which case the sig- 
nal, when it did arrive, would 


- operate the inverter in the wrong 


direction, putting the relationship 


Fig. 3. Original clock-driving circuit 


18] 


of the trigger circuit and the in- 
verters in error. This would reverse 
the direction of rotation of the 
motor. 

To overcome this difficulty, the 
arrangement shown in the final cir- 
cuit diagram was adopted (see Vig. 
4(a)). In this case each thyratron 
was fed separately with, a sinusoidal 
signal, obtained from the two phase- 
shifting networks in the secondary 
of transformer 7T:. Thus the four 
thyratrons must always fire in a pre- 
determined order and any stray 
strikes will be automatically com- 
pensated for. 

This arrangement needs half the 
oscillator frequency of the arrange- 
ment of Fig. 3 to give the same rate 
of motor rotation, since each in- 
verter must fire in both directions 
in each cycle—thus the motor 
registers 4 counts per cycle. Using 
this arrangement as a ‘timer and 
neglecting any possible gating error, 
there is a possibility of the time 
being in error by 8 counts, i.e., 1 
count for the random phase of the 
oscillator, and an additional 2 
counts for the following reason: 
Since two thyratrons must fire 
directly the gate switches on, the 
armature will move from ‘‘ free ”’ 
to a fixed position, depending on. 
which two thyratrons strike. This 
new position may be up to either +2 
positions different from its previous 
stopped position, and the reduction 
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Fig. 4 (Above) (a) Final schematic of Electronic Stopclock Fig. 4(Below) (b) Power supply for Fig. 4 (a) 
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gearing may be “ instantaneously ”’ 
moved by a corresponding amount. 
In one hundred trials no reading: 
was found in error by more than 
+2 counts, but allowance was made 
for the possibility of greater posi- 
tional errors by increasing the oscil- 
lator frequency so that a 3 count 
error was less than the specified 
error of the apparatus. 

In the ferm illustrated the motor 
drives the hands through a 100-54 
reduction, corresponding to an oscil- 
lator frequency of 185.2 c/s. and a 
counting rate of 741 counts/ second. 
This speed is well within the instru- 
ment’s capabilities and it delivers 
adequate torque to operate the two 
sets of reduction gearing for the 
hands. 

Cam switches are provided for the 
zero adjustment of the instrument. 
This is done by re-starting the clock 
and operating the stop trigger cir- 
cuit by means of the cam switches. 
To simplify the operation of the 


instrument, resetting of the trigger 
circuits is automatic. The stop 
thyratron operates an auxiliary re- 
lay which, when energised, inter- 
rupts the u.T. supply to all thyra- 
trons. 

The power supply is conventional, 
except that very good regulation is 
required since the quiescent H.T. 
current is about 80 mA, but the full 
load H.T. is about 200 mA. 

The complete circuit details are 
shown in Figs. 4(a) and (b). 

The apparatus has created in- 
terest as a possible adjunct to 
conventional electronic scaling 
apparatus on account of its high 
speed and robustness. Its speed of 
better than 1,200 counts / second had 
been exceeded by refined mechani- 
cal escapement counters, but the 
combination of speed and robustness 
is believed to be better than the 
majority of mechanical high-speed 
counters. Used directly as a counter 
it has a number of disadvantages, 


but these should not be difficult to 
overcome if it were needed as a 
unit-reading high-speed scaler. The 
chief disadvantage is the large num- 
bers of counts per rev., viz., 400, 
and since the torque falls with 
speed, it is not advisable to use 
speed-increasing gearing. A 6in. 
dial can be read accurately, but not 
comfortably, to one count with a 
fine pointer. Any scale would have 
to be individually plotted since the 
increments are not exactly uniform, 
alternate increments being approxi- 
mately equal in size. On the other 
hand, it is very robust and delivers 
very high torque compared with 
most counters, making it possible to 
use conventional gearing for sub- 
sidiary scales. 

At the time of writing the proto- 
type of the instrument described has 
done 16 months’ routine testing, 
corresponding to several million 
counts. and on recent inspection 
appeared to be in perfect order. 
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NOTES FROM THE INDUSTRY 


B.B.C. Television Masts 


Further details are now available 
concerning the Television Masts at 
Sutton Coldfield and Wrotham, to be 
erected by Messrs. B. I. Callender’s 
Cables, Ltd. 

The Sutton Coldfield mast for the 
new Midlands Transmitter will have a 
total weight of 140 tons and _ the 
pivoted base pedestal is designed to 
permit angular movement in any direc- 
tion and to withstand a maximum 
working thrust of 350 tons. 

At an elevation of 710 feet is a short 
square tower carrying the eight dipoles 
forming the television aerial, which, 
with its obstruction light and lightning 
conductor extends the mast height to 
750 feet. 

A two man electric lift will ascend 
to the top of the mast with landings at 
intermediate levels. The difficulties 
inherent in a normal push button con- 
trol system due to long hanging cables 
are eliminated by an unusual method. 
The car is controlled from ground level 
and communication will be maintained 
by a vuF ‘*‘ Walkie Talkie ’’ system. 

A second mast 500 feet in height but 
of similar design to the Sutton Cold- 
field mast is to be erected at Wrotham, 
near Maidstone, Kent. 

This mast will form part of an experi- 
mental vuF Broadcasting station from 
which high power tests on different 
system of modulation will be carried 
out, 

Messrs. Marconi’s Wireless Telegraph 
Co., Ltd., are associated with B. I. 
Callender’s for the supply and installa- 
tion of the television aerial and feeders 
on the Sutton Coldfield mast, and the 
feeders on the Wrotham mast. 


Edinburgh Exhibition 


The Edison Swan Electric Company, 
Ltd., are holding an exhibition of 
electro- medical apparatus, including the 
Ediswan Electronic Wave Analyser and 
the Electro-Encephalograph, in_ the 
Lecture Hall on the premises of the 
South East Scotland Electr'city Board 
Electricity Showrooms, 127 George 
Street, Edinburgh 2, from May 17 to 
May 20 inclusive, 

Admission will be by invitation, and 
those wishing to attend may obtain 
tickets on application to the company 
at 155 Charing Cross Road, London. 
W.C.2. 


Taylor Electrical Instruments, Ltd. 


An alternative to the model 30A 
oscillograph is available upon special 
request, incorporatng a cathode ray 
tube with a blue trace, having a yellow- 
green after-glow. 

The list price of this instrument is 
£33 10s. and delivery can be effected 
in’ approximately three weeks from 
receipt of instructions.- 


Staff Changes 

The Dubilier Condenser Company 
(1925), Ltd., announce with regret that 
Mr. G. F. Mansbridge, O.B.E., 
M.I.E.E,. has decided to retire from 
the board as at March 31, 1949. Mr. 
Mansbridge has been connected with 
the condenser industry for 50 years and 
his first condenser patent was applied 
for in 1899. 

Mr. E. C. Deering, B.Sc., A.R.I.C., 
has been appointed a joint managing 
director of Johnson, Matthey and Co., 
Ltd., to take effect from April 1, 1949. 

He joined the company in June 1918 
as a member of the analytical labora- 
tory where he stayed for some two 
‘won until transferring to the newly 
ormed research department at the 
beginning of 1921. 


National Physical Laboratory 

The National Physical Laboratory at 
Teddington is holding an ‘‘Open Day” 
on Thursday, May 26, from 2.30-6 p.m., 
to which representatives of industrial 
organisations are being invited. 

This is an opportunity for members 
of industry to see the wide range of 
scientific research and investigational 
work undertaken at the Laboratory 
and a number of tickets is being 
reserved for postal applications. 

Accredited representatives of indus- 
trial organisations who would like to 
visit the Laboratory and who are not 
already in contact with its work are 


invited to apply to the Director, 
National Physical Laboratory, Ted- 
dington, Middlesex, not later than 
May 14. 


Change of Address 

The address of the Sheffield office of 
Wild-Barfield Electric Furnaces, Ltd., 
and the Sheffield office of their asso- 
ciates, Messrs. G. W. B.. Electric 
Furnaces, Ltd.. is now 4 Paradise 
Square, Sheffield 1: the telephone 
number remains unaltered as Sheffield 
22776. 


Travelling Exhibition in Electrical 
Research 

The Caroline Haslett Trust of 35 
Grosvenor Place, London. §.W.1, are 
now inviting applic ations for a Travel- 
ling Exhibition in the early autumn, 
tenable in Holland. 

The successful applicant, who must 
possess the Diploma in_ Electrica! 
Housecraft awarded by the Electrical 
Association for Women, will travel in 
Holland for one or two months to study 
Home Economics, particularly in the 
application of electricity to housecraft, 
and will acquaint herself with the 
publicity methods adop‘ed there. She 
will visit works where domestic elec- 
trical equipment is manufactured and 
will hope to see, both in the home and 
out of it, the latest electrical develop- 
ments. 


Publications Received 


‘* Some Electrical Instruments of Pre- 
cision. 
Leaflet on their products issued by: 
Doran Instrument Co., Ltd., 
Wallbridge "Works, 
Stroud, Glos. 


‘* Eddystone ”’ Leaflets. 
A series on their ‘‘ 640,” ** 659’ and 
‘© 680’ communication receivers, and 


other products available from: 
Stratton and Co., Ltd., 
Eddystone Works, 
Birmingham, 31. 


** High Vacuum Equipment.” 
A booklet dealing briefly with this 
range of equipment issued by: 
W. Edwards and Co. (London), Ltd., 
Kangley Bridge Road, 
wer Sydenham, 
London, S.E.26. 


Siemens Electric Lamps. 
List No. 972. 
Tungsram Valves. 
List No. 966. 
Both available from: 
Siemens Electric Lamps and 
Supplies, Ltd., 
88 and 39 Upper Thames St., 
London, E.C.A4 


Ardent Acoustic Laboratories. 
Leafiets WP /12700, WP/ 14504, WP/ 
14507, WP/14509, WP/14511 dealing 
respectively with their ‘‘ Ship’s Master 
Communic ator,” intercommunicatioa 
system, * Philomel ”’ reproducer, 
general price list and public address 
equipment for police. 
The Automatic Coil Winder and 
Electrical — ment Co., Ltd., 
er House, 
ig Pho oi Street, 
London, S.W.1, 
Clydesdale Supply Co., Ltd., 
2 Bridge Street, 
Glasgow, C.5. 


Telcon Cables for Radio Frequencies 
—Publication No. 10 reprinted with ad- 
ditions. The Telegraph Construction 
and Maintenance Co., Ltd., 22 Old 
Broad Street, London, E.C.2. 


Government Department Electrical 
Specification. The Committee on the 
Standardisation of Electrical Cables and 
Wires for Government Services (Secre- 
tary’s address: Ministry of Supply, 
I.E.M.E., ‘‘ Walsingham,”’ Chislehurst, 
Kent) has recently issued two new 
specifications. These are G.D.E.S. No. 
25 for “‘ Tough Natural Rubber and 
Polychloroprens Compounds for Heat- 
ing Electric Cables and Flexible Cords ” 
and G.D.E.S. No. 26 for ‘‘ Low Voltage 
Starter, Lighting and General Purposes 
Cables for Automobiles.’? Both are 
obtainable from H.M.S.O. the former 
price 1. and the latter price 2d. 
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CORRESPONDENCE 


High Dielectric Ceramics 


Dear Sr1r,—In_ connexion with 
Mr. Lorant’s note on _ ceramic 
materials of high dielectric permit- 
tivity (Etectronic ENGINEERING, 
December, 1948, p. 403), the follow- 
ing comment may be of interest 
with regard to his reference to 
dielectric losses in mixed titanate 
compositions. 

The loss tangents for capacitors 
with barium titanate as the di- 
electric are of the order of 0.01 to 
0.02 at temperatures up to the Curie 
point, in the region of 120°C., 
beyond which they fall ravidly to 
relatively low values. The admix- 
ture to barium titanate of certain 
compounds such as strontium or 
lead titanate, possessing crystal 
structures of a similar type (i.e., 
the “perovskite structure’), results 
in the displacement of the Curie 
point, and hence of the tan 5-tem- 
perature curve. By the addition of 
compounds possessing a Curie point 
helow that of barium titanate, solid 
solutions may be obtained, the low- 
loss region of which extends to the 
working temperature range of the 
capacitor, and it is therefore 
apparent that the dielectric losses 
depend not only on the relative pro- 
portion of the additives, hut also on 
the individual Curie temperatures 
of the latter.—Yours faithfully, 


GeorGcE V. PLANER. 


Calculation of Parallel Resistances 


Dear Sir,—The following is often 
an improvement on Mr. F. Oakes’ 
method of calculation of parallel 
resistances by slide rule (ELECTRONIC 
ENGINEERING, January, 1949, p. 20). 


(1) Set cursor on highest resist- 
ance R:. 

(2) Set sliding scale unity on R:. 

(3) Cursor reading gives R:/R:2. 

(4) Move sliding scale till cursor 
reads R:/R: ae 

(5) Unity on sliding scale gives Rw. 


If a further resistor R: is also in 
parallel 
R: 


(6) Move cursor to (on final 


scale). 


(7) Cursor reading gives Rs/R.:. 

(8) Move sliding scale till cursor 
reads R:/Rw + 1. 

(9) Unity on sliding scale gives R.s. 


This method is easier because the 
only mental arithmetic is to add 
one, but the decimal point must be 
watched. The proof is as follows: 

Bi as eetan, 
""R:i/R: + 1 
RR: 
a 1/Ryv1/R, 1/R:. 
Ri + R: e / / / 
Yours faithfully, 
E. G. Wess. 


12 


Mr. Oakes Replies 


Although the alternative method 
suggested by Mr. Webb may offer 
an occasional advantage by virtue 
of its simple addition of one, the 
extra sliding operation (and con- 
sequently reduced accuracy) as well 
as the incurring of potential mis- 
takes in placing the decimal point 
render this method lengthier and 
less reliable generally. 


Cathode-Ray Tubes with Post- 
Deflection Acceleration 


Dear Sir,—With reference to Mr. 
White’s article on cathode-ray tubes 
with post-deflection acceleration in 
the March issue of ELECTRONIC 
ENGINEERING, it may be mentioned 
that the effects described can be 
demonstrated with an ordinary tube 
by the use of an external electrode. 

I demonstrated the effect some 
years ago, using a Cossor oscillo- 
scope. A narrow strip of copper foil 
was placed round the tube just 
behind the screen and was con- 
nected to the 700 V secondary of a 
transformer, the other end of which 
was earthed. The 100 V_ peak-to- 
peak mains waveform was then 
shown on the tube. On switching 
on the supply to the P.D.A. elec- 
trode the peak of the sinewave was 
brightened and the negative peak 
was blacked out. The distortion of 
the wave readily showed the reduc- 
tion in sensitivity oceurring.--Yours 
truly, 


G. H. L. Tuomas. 


Reducing the Effect of Capacitance in 
Screened Cables 


Dear Srr,—May we refer to the 
article in the March issue of your 
journal by your contributor, V. H. 
Attree, B.Sc. (Eng.)? 

In this article we note that he 
with 
generally 


refers to Coaxial Cables an 


intersheath not being 
available, and we should esteem it a 
favour if you were to draw your 
readers’ attention to the range of 
Teleon ‘‘ Wye ”’ Cables which have 
been in general production since the 
latter part of 1947. 

In this range of cables the two 
screens can be supplied in con- 
tinuous contact or separated by an 
intersheath. 

A. W. J. Corprey. 


The Telegraph Construction and 
Maintenance Co., Ltd., 
Greenwich, S.E.10 


Mr. Attree Replies 


The Teleon Wye type PT1 MYM 


would appear to be similar to 
the composite cable I described. 
Referring back to the article, it 


is interesting to note that if the 
outer screen is omitted altogether, 
the 
tensive pick-up 
fields: this is due to the low impe- 
dance at the cathode of the valve. 
Thus, in where the 


residual 


intersheath is relatively in- 


to from stray 


applications 
pick-up can be tolerated, 
it is possible to use an ordinary co- 
axial the 
driven from the valve cathode. A 


cable with screening 
low-capacity air-spaced cable, having 
a nominal capacity of 4.1 4H#F/ft., 
enables an effective capacity as 
small as 0.3 ##F /ft. to be obtained. 
The remarkably low value of effec- 
tive capacity may be appreciated 
from the fact that a 44-gauge bare 
wire, spaced 4 in. from an earthed 
chassis, has a capacity of 1.0 4#F / ft. 








Electronic 
Equipment 


A monthly record of British 
electronic apparatus, components 
and accessories, compiled from 


information supplied by the 


manufacturers. 


Potentiometers 
(Illustrated below) 


FCEN ELECTRIC LTD., of Canvey Island, 
Essex, announce that the following 
standard products with a 2} in. spindle are 
immediately available :— 
(a) Log Type ‘‘A’”’ (10 per cent resist- 
ance at 50 per cent effective rotation). 
(b) Log Type “‘B’”’ (20 per cent resist- 
ance at 50 per cent effective rotation). 
(c) Linear Law. 
(d) Anti-Log Type. 
These are stocked with a single-pole or 
double-pole switch and without switch. 
Switches only can be supplied separately if 


required. 
Features of the Egen carbon potentio- 
meter are: Smooth action movement, 


positive location tags, rigid fixing to chassis, 
rustproof plating of all steel parts, silent 
operation and mains switch design with 
quick make-and-break action and self- 
cleaning contacts. 

Retail prices quoted by the Company for 
potentiometers of 1,000 ohms to 5 megohms 
resistance are:— 

Potentiometer only ... 2s. 9d. 

Potentiometer withS.P.switch 4s. 6d. 


Potentiometer with D.P. switch 5s. 3d. 


Egen Electric Ltd. 
Craven Avenue, Canvey Island, Essex 
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Audio Signal Generator 
(See below, right) 


A NEW audio signal generator, suitable for 
checking the frequency response of audio 
amplifiers, modulators and radio receivers, 
is announced by Pennine Amplifiers. 


It possesses frequency coverage in two 
ranges—40 c/s.-1,000 c/s. on range I, and 
900-16,000 c/s on range 2—these being 
indicated clearly on the 4-in. diameter scale 
on the front panel. 


Output sockets are provided on the front 
panel for low and high output impedances 
of 2.5 ohms and 3,000 ohms, with a maximum 
output of 3 watts. 


Output voltage control scale on front 
panel is calibrated in output volts 0O—2 and 
O—100. The output voltage being held 
within plus or minus 10 per cent over entire 
range. 


The instrument itself is enclosed in a 
blue-grey crackle finish case, with a 
smart and legible calibrated front panel, 
the size being 7 in. by 5} in. and 4 in. deep, 
and the approximate weight 64 Ib. 


Pennine Amplifiers, 
Southgate, Elland, Yorkshire. 
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Electrically Heated Hand Pliers 
(Photo above) 


addition to the range of 

“*Stanelco ’’ tools marketed by Standard 
Telephones and Cables Limited (Industrial 
Supplies Division), the new P.V.C. stripper 
pliers are specially designed to remove the 
insulation from plastic-covered wires with- 
out damage to the conductor. 

The jaws of the pliers are heated by a 
low-voltage current, which ensures perfect 
safety to the operator, and power con- 
sumption is negligible (over 100 hours’ 
operation on one unit of electricity). 

“*Stanelco ’’ stripper pliers will remove 
the plastic insulation from any conductor, 
stranded or solid, up to 4 in. diameter, 
faster than any other method. No switch- 
ing is necessary and the pliers can be left 
connected without risk of damage or 
overheating. 

Supply voltage: A.C. only, 200/250 volts, 

50 c/s. 
Working voltage: 12 volts. 
Power consumption: Under I0 watts. 


Standard Telephones and Cables, Ltd., 
Connaught House, Aldwych, 
London, W.C.2. 
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Marconi Moisture Meter 
(Illustrated above) 


HE National Institute of Agricultural 

Engineering has now issued its report on 
the first instrument of its kind to be sub- 
mitted for test : the new Marconi Moisture 
Meter TF933. The Institute supports the 
manufacturer’s claim of an absolute accuracy 
of + 1 per cent moisture content— 
equivalent to an error of prediction of about 
0.4 per cent m.c. In the words of the report 
No. CNR4807I : ‘‘ The results of the tests 
show that the meter is a practical piece of 
apparatus for agricultural use with wheat 
and barley ... and support the manu- 
facturer’s claim of an accuracy of +- | per 
cent in the range 10-20 per cent moisture 
content.”’ 


In design, the moisture meter employs 
a D.C. resistance-bridge circuit with 
electronic null-detector which makes read- 
ing independent of valve characteristics and 
supply voltages. In conjunction with its 
compression cell the instrument has 
advantages over the typical capacitance 
method of moisture determination in both 
reduction of packing and other errors and 
improved behaviour on freshly damped 
grain. 


Another advantage of the instrument is 
its ability to test a wide range of materials 
using only a single scale corrected for 
temperature variations. Measurement 
range is 8 per cent to 25 per cent and read- 
ings are reproducible to within 0.2 per cent. 
The deviation from gravimetric methods is 
generally within 0.5 per cent in the case of 
stable, conditioned samples, while unstable, 
freshly gathered grain may cause deviations 
of + | per cent within the normal moisture 
range. 


Marconi Instruments Ltd., 
St. Albans, Herts. 


Revolution Speed Indicator 


f pETAts of a new system of recording 
the revs. per minute of the engines 
of motor cars and motor lorries, etc., are 
— from Runbaken Electrical Products, 
Ltd. 

Previously, due to mechanical difficulties, 
revolution counting has been impossible 
unless a special drive has been built into 
the engine. 

The new tachometer operates from the 
electrical impulses of the ignition system 
and the readings are proportionate to the 
number received per second, irrespective 
of voltage. 

The same principle can also be used as a 
speedometer when the vehicle is operating 
in top gear, and has advantages over the 
mechanical type as there are no wearing 
parts. 


Runbaken Electrical Products, 
Manchester, |. 


The Test Oscilloscope Monitor 
Type M.200 


Ts provides facilities not given by the 
usual laboratory oscilloscope and has the 
advantage of being rack panel mounted 
uniform with the remainder of the equip- 
ment. Technical features are as follows— 
Amplifier : Gain controlled by switch on 
front panel to give fixed: gains of x2 or x4. 
Frequency response within 1|.5db up to 
3 Mc/s. Time Base: May be triggered 
from 10 volts or — 20 volts pulse with 
sweep speeds continuously variable from 
15 micro-seconds up to 10 milli-seconds by 
means of five range switch and fine control. 

Dimensions: 19 in. by 8} in. by 14 in. 
deep. Weight 57 Ib. 


Dynatron Radio Ltd., 
Maidenhead, Berks. 
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Electronic Tube for the Measurement 
of Acceleration 


(See below) 


bbe, accurate measurement and recording 
of acceleration by electronic methods 
is made possible by the DDRIOO Accelero- 
meter Tube recently announced by Mullard 
Electronic Products Ltd. This device is 
basically similar in construction to an all- 
glass valve of the loctal type, and has the 
advantage that it may be mounted in any 
position. This feature, coupled with the 
high output and excellent response of the 
tube at low and zero frequencies, enables 
it to be used with great advantage as a low 
mass pick-up for measuring and recording 
the acceleration and vibration of high 
velocity elements. One of the chief 
advantages resulting from the high output 
of the tube is that it makes possible the 
observation and recording of acceleration 
without the necessity of using a special 
high gain amplifier. It may also be used 
quite successfully for displacement velocity 
measurement and recording. 


The DDRIOO Accelerometer is a double 
diode with anodes elastically supported so 
that the anode impedance is varied when 
the tube is subjected to acceleration. In 
practice, the tube is rigidly clamped to the 
structure under test and the measurement 
is expressed in terms of a current change 
in a Wheatstone bridge circuit, of which the 
anode/cathode impedance of the accelero- 
meter tube forms adjacent arms. 

The resonant frequency of the tube is 
| kc/s and the maximum acceleration range 
is 100 g. The tube is designed for a heater 
voltage of 6.3 V and a maximum anode 
voltage of 10 V. 


Mullard Electronic Products Ltd. 
Century House, Shaftesbury Avenue, 
London, W.C.2. 





DDRIOO 





THESE ARE IN STOCK— 


THE RADIO eae HAND- 
BOOK, by A.R. R.L. 1949. 15s.6d. 
Postage "9d. 

PULSES AND TRANSIENTS IN COM- 
MUNICATION CIRCUITS, by Colin 


Cherry. 32s. Postage 9d. 


RADIO VALVE DATA, compiled by Wire- 
less World. 3s. 6d. Postage 3d. 
VADE MECUM, by P. H. Brans. 
edition. 19s. Postage 6d. 
REFERENCE DATA FOR RADIO 
ENGINEERS, by W. L. McPherson. 5s 

Postage 5d. ; 

PRINCIPLES AND PRACTICE OF 
RADAR, by H. E. Penrose. 42s. Postage 9d. 

ELECTRONIC CIRCUITS AND TUBES, 
by Crufts Electronic Staff. 45s. Postage 9d. 

TELEVISION RECEIVER CONSTRUC. 
TION—Ten Articles from Wireless World. 
2s. 6d. Postage 2d. 

STANDARD HANDBOOK FOR ELEC- 
TRICAL ENGINEERS, 8th edition. 72s. 
Postage Is. 

ELEMENTS OF “as eo EN- 
GINEERING, by F. Olson. 42s. 
Postage 9d. 

TELEVISION 
MENT, by W. T. 
Postage 4d. 

COMPONENTS HANDBOOK, by J. F. 
Blackburn. 48s. Postage 9d. 

We have the finest selection of British and 
American radio books. Complete list on 
application. 


THE MODERN BOOK COMPANY 


Dept. 


19-23, Praed Beata ‘tonnon, W.2. 


1948 


RECEIVING EQUIP.- 
Cocking. 12s. 6d. 
































IMMEDIATE DELIVERY OF GRADES 
FOR METALLIZING 








CERAMICS, MICA, 
GLASS & PLASTICS 








All Enquiries to our NEW ADDRESS— 
42, TOWNGATE STREET, 
POOLE, DORSET 


Telephone No. Poole 124! 





Flectronic Engineering 


Industrial Electronics 
Reference Book 


By Westinghouse Electric Corporation, 680 
pp. 1260 Figs. First Edition 1948. (Chapman 
& Hall, Price 48s.). 


O less than 387 engineers of the 

Westinghouse Electric Co. have 
combined to produce this veritable 
magnum opus with the object as the 
preface states ‘‘ of providing sufficient 
theoretical data and application infor- 
mation so that when an electronic 
device is designed and put into opera- 
tion, its possibilities as well as its 
limitations can be appreciated.” 


Judged by the many original contri 
butions made each of ‘the 87 authors is 
an expert in his particular branch of 
the subject and all have wide interest 
and association with industrial elec- 
tronics. 

With such an array of talent, there- 
fore, it is not surprising that so im- 
pressive and massive a book has been 
produced and it is easily one of the 
largest single books yet published. As 
such it is beyond the capabilities of a 
single reviewer to give constructive 
criticism of its contents, and indeed the 
present reviewer has none to offer. 


In producing this book the authers 
have verv wisely stressed the limita- 
tions of electronics as a tool in industry 
for it is all too obvious that in the past 
electronics has been applied in industry 
without a proper study of economic and 
other considerations. 

They have carefully assessed the 
position and have made no sweeping 
cleims. but accurately lav down the 
guiding fundamental principles of elec- 
tronics in industry and the result is a 
reference book which will be the stan- 
dard authority for some time to come. 

Chanters 1 to 3 cover the fundamental 
and theoretical concepts of electron 
emission and control while Chapters 4 
to 10 embrace the design. operation and 
constructional features of the different 
types of high vacuum valves, cathode 
ray tukes and photo-electric cells used 
in industrial electronics. 


Chapters 11 to 14 deal with circuit 
components, and are followed by Chap- 
ters 15 to 18 on the design and pera- 
tion of rectifiers, amplifiers, oscilletors 
and control circuits. Transmission lines 
and aerial systems which are finding 
increasing application in industrial 
electronics are dealt with in Chapters 
19 and 20. 


No less than 14 more chapters are 
given over to the design and applica- 
tion of equipment, ranging from radio- 
frequency heating, electron microscopes 
and stroboscopes to precipitation equip- 
ment and electronic speed control of 
motors. Two valuable and informative 
chapters conclude the book on the care 
and maintenance of industrial electronic 
apparatus. Each chapter is complete 
with an extensive list of references, 


H. G. Foster 


May, 1949 


Klystrons and Microwave 
Triodes 


By D. R. Hamilton, J. R. Knipp and J. B 
Kuper. 533 pp. (McGraw-Hill Book Co. 
45s. net). 


HIS book is No.7 of the series of 

28 volumes issued by the Radiation 
Laboratory of Massachusetts Institut 
of Technology which cover the work 
done in the United States on Radar 
and allied subjects. The authors have 
made many contributions in their 
particular field and in compiling this 
volume have had access to all the 
literature, a great deal of it in the 
form of reports hitherto unpublished, 
which has grown up during the war 
years both in the United States and 
in this country. 


It is therefore a matter for regret 
that in these circumstances the authors 
have chosen to limit themselves, apart 
from one or two cursory references to 
English valves, to the development of 
klystrons and microwave triodes in 
the United States. The pioneering 
work of English laboratories on micro- 
wave triodes and on_klystron oscill- 
ators which resulted in_ the first 
practical use of the reflex klystron in 
1940 is not mentioned, nor is the 
theoretical work by groups in this 
country on the co-axial line tvve of 
tube and the reflexion oscillator, 
which played a considerable part in 
the development of the ideas set forth 
in the book. Apart from _ these 
omissions which inevitsbly detract 
from the value of the book as a record 
of the historic developments of the 
last nine years, the authors have 
endeavoured to make their account as 
complete as possible even when this 
involves some sacrifice in ease of read- 
ing. 

The book is primarily a treatise on 
valve theory and design and contains 
no discussion of the problems of manu- 
facture and of how these affect the 
evolution and ultimate realisation of 
the valve. It deals mainly with 
vhenomena in the region above 3,000 
Mc/sec., although of course the rela- 
tions derived are applicable to lower 
frequencies. 


It is divided into three parts, the 
first of which, after an introductory 
chapter and a chapter on the basic 
functions and tvpes of microwave 
valves, treats of the basic phenomena 
of the interaction of electrons with 
high frequency fields and of the pro- 
perties of circuits at high frequencies. 
Both subjects are treated mathe- 
matically with some generality so that 
the results are applicable to the theory 
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of microwave triodes which is dis- 
cussed in the second part of the book 
and also to the theory of klystrons 
which forms the third part, 

The second part of the book - deals 
in four chapters with planar space- 
charge valves of the lighthouse type; 
Chapter 4 is a valuable resume of the 
mathematical theory of this type of 
valve, while the remaining chapters of 
this section are devoted to a discussion 
of the properties of these valves when 
used as amplifiers, oscillators and as 
pulsed oscillators. 


The third and largest section which 
occupies more than half of the book 
is devoted to a discussion of valves of 
the klystron type. After a considera 
tion of the general theory of the 
klystron including space charge de- 
bunching and large signal operation, 
an excellent account is given of the 
klystron amplifier, and frequency 
multiplier. This contains much 
hitherto unpublished material and 
should be very valuable in drawing the 
attention of workers in this field to an 
aspect of the klystron which is likely 
to become increasingly important in 
the immediate future. In the last 
chavter the theory and operation of 
the reflex klystron is discussed in 
considerable detail; this type has been 
the most widely used of the klystrons 
during the war and in consequence a 
great deal of information is available 
most of which has been included by 
the authors. 


It will be evident from the above 
remarks that the book is one for the 
specialist rather than for the general 
reader, and is likely to hecome a 
standard reference book for those 
engaged in the design of valves in this 
region. A few detailed omissions may 
be noted: for example, there is no 
reference to the theorem of Petrie 
which enables an average coupling co- 
efficient to be readily calculated for 
any gap, or to the application of 
relaxation methods to the evaluation 
of resonator properties, or the caleu- 
lation of bunching properties in 
non-homogeneous fields by numerical 
integration. Also no experimental 
method is described of determining 
that very important quantity, the 
shunt impedance of a_ resonator, 
although two such methods have been 
frequently used. On p. 505 appears 
the incorrect statement that ‘* ther- 
mally tuned -tubes stand shock and 
vibration about as well as the me hani- 
cally tuned types.’’ Nevertheless the 
authors are to be congratulated on 
having accomplished a difficult task 
well. 


L. F. Broapway 


Electronic Engineering 


Microwave Duplexers 


By L. D. Smullin and C. G. Montgomery, 
Pp. 437 +- xiv. McGraw Hill Book Co. Inc.. 
New York. Price 39s. in U.K. 


HIS book is Vol. 14 of the M.I.T. 

Radiation Laboratory series on 
radar techniques and _ principles. 

D. Smullin and C. G. Montgomery 
have been responsible for the editing 
of this volume. They have been joined 
by W. C. Caldwell, H. K. Farr, H. A. 
Leiter and C, W. Zabel in forming a 
group of six contributing authors, and 
each of the nine chapters in this book 
hee been written by one or by two 
members of this group. In spite of 
this division of responsibility the 
editors have succeeded in producing a 
clear and unified treatment of the 
subject. 

Chapter one is a short introduction 
by C. G. Montgomery. He outlines the 
main features of microwave radar and 
explains that the advantages to be 
gained by using a single antenna for 
both transmission and reception made 
the development of high speed switches 
a necessity. Most modern radar sets 
incorporate two types of switch. One 
of these, the TR cell, has the function 
of protecting the crystal mixer during 
the transmission of the pulse; the 
other, the ATR cell, disconnects the 
transmitter during reception in such a 
manner that practically all of the 
received power enters the receiver. In 
very high power sets a third cell, the 
pre-TR, is — in conjunction with 
the TR. The larger part of the book 
is concerned with the properties and 
development of these cells. It is 
appropriately pointed out in the intro- 
duction that the use of the term 
duplexer, as applied to pulsed radar 
equipment, is not strictly justified, 
since the transmitted and_ received 
pulses, in normal operation, are not 
simultaneous. 

The book deals with developments in 
the microwave region over the range 
of 1,000 Mc/s. to 30,000 Mc/s. In 
particular, most of the development 
work has taken place in the S, X and 
K bands, and British readers w ‘ho have 
been engaged in work in these bands 
during the war will find themselves on 
very familiar ground in spite of the 
fleeting references in the text to 
British developments in techniques and 
components, 

Chapters two, three and four deal 
with the performance of TR, ATR and 
pre-TR cells at low power levels and 
equivalent circuits are developed for 
these devices. In chapter four there 
is a very good discussion of the theory 
and development of the bandpass TR. 
A useful feature of this chapter is the 
illustration of the use of the matrix 
method in estimating the loss due to 
the multiple iris structures used in the 
construction of broadband components. 
The data contained in these chapters 
lose some value for many _ British 
workers because of the unfortunate 
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fact that, in the past, standard 
American and British waveguides have 
been made to slightly different dimen- 
sions. 

Chapter five, the longest chapter in 
the book, deals with microwave gas 
discharges. Before the development 
of high power magnetrons the complex 
subject of gas discharges had been 
confined to fairly low frequencies. Now 
it thas become possible to use high 
powers and high frequencies to extend 
our knowledge. But there is still com- 
paratively little information about, or 
understanding of, the very high ‘fre- 
quency gas discharge and such devices 
as the TR cell were developed 
empirically in the absence of a theory 
capable of providing useful design 
information. The discussion given in 
this chapter shows how far theory has 
yet to develop before a complete 
explanation can be given of the known 
properties of devices such as the TR 
cell, but the information available at 
the end of the war in regard to the 
microwave gas discharge is well sum- 
marised and clearly stated. 

Chapter six gives further information 
on the experimental results on the 
high power performance of TR and 
ATR tubes and includes some informa- 
tion on construction techniques. 

Chapters seven and eight deal with 
the microwave circuit arrangements 
used to connect the TR, ATR and pre- 
TR to other components in the R.F. 
portion of the radar set. These 
chapters will be of wider appeal than 
the earlier chapters because the wave- 
guide and coaxial line arrangements 
discussed, such as_ branched and 
balanced circuits, find applications out- 
side the field of radar. A knowledge 
of transmission line theory and of 
impedance diagrams is assumed and 
some use is made of matrix methods 
in discussing the T-junction and magic 


The book ends with a chapter on 
measurement techniques with particu- 
lar reference to the measurement of 
the properties of TR and ATR cells. 

There are altogether 28 volumes in 


the M.I.T. Radiation Laboratory 
series, and some of_ these will 
appeal to a much wider circle of 


readers than the others. The present 
volume is for the specialist and will 
be of great value to those whcse 
interest lies in the field of microwave 
radar. A good knowledge of the funda- 
mentals of microwave techniques is 
assumed and this knowledge 1s _pro- 
vided by other volumes of the series. 
Those who are interested in communi- 
cation techniques will find much 
— material in chapters seven and 


ei 

o binding and printing are excel- 
lent and the few errors noticed were 
trivial and not likely to confuse the 
reader. 


T. J. Bucnanan 


Velocity-Modulated 
Thermionic Tubes 


by A. H. W. Beck, Cambridge University 
Press, 180 pages, price | 5s. 


HE reviewer feels some doubt of the 

accuracy of Mr. Beck’s second 
sentence to the effect that “a ther- 
mionic generator or amplifier is usually 
conceived as an .. . enclosure with a 
number of terminals, 2 or 4 which have 
significance in the performance of the 
system considered as an active net- 
work.’’ However, there is no doubt that 
Mr. Beck himself is in no way confined 
to this somewhat arid conception. 

The main part of the book is devoted 
to a detailed analysis of the theory of 
V-M and its application to practical 
tubes. Many may find the concentra- 
tion of mathematics rather formidable 
but it is difficult to see how the author 
could have avoided this in the space 
available without leaving serious logical 
gaps in the analysis and he has taken 
very commendable care to see that the 
general argument and the significance 
of the results are quite clear to those 
who may prefer to skip the larger 
formations of symbols. 

Very large modifications of the results 
given by elementary theory are found 
when the finite dimensions of the gaps 
and the limitations imposed by electron 
optical requirements are considered. 

e conflicts between the various 
desiderata and the ways in which the 
best compromise may be determined are 
well brought out. As would be expected 
by those who know of the author’s 
war-time work, the sections on heavy- 
current beams and on high-power tubes 
are particularly good. 

Of outstanding merit, in the 
reviewer’s opinion, is the final chapter, 
on design and manufacture. This could 
be read with pleasure and profit by 
those interested in the design of almost 
any electronic device. It is impossible 
to resist quoting the description of 
patent literature on oxide cathodes as 
** like an alchemist’s notebook.’’ There 
are few authors who can deal so happily 
with theory and practice, 

Among the few errors may be men- 
tioned a misprint at the top of page 
18—the transit time between gaps in 
the Heil tube is n + } periods—the 
omission of plane ‘* A ”’ in Fig. 4.1 and 
the statement (page 133) that the maxi- 
mum conversion efficiency of the plane 
monotron is about 2} per cent at 2.3 
radians transit-time. 

A larger peak of about 17 per cent 
occurs near 7$ radians. This requires 
a radio-frequency amplitude of several 
times the applied p.c. voltage and 
hence, although it does not lead to 
electron reflection. as in the case given 
by Miller and Rostas, owing to the 
large transit angle, the losses are too 
high to allow the construction of a use- 


ful tube. 


There is no question that this is an 
excellent book for anyone seriously 
interested in any of the many applica- 
tions of velocity-modulation. It easily 
maintains the high standard set by 
other members of the series on Modern 
Radio Technique, edited by Mr. J. A. 
Ratcliffe. 


J. H. Fremuin 


Micromeritics 


by J. M. Dallavalle (Pitman and Sons, Ltd.) 
2nd edition. Price 42s. 6d. 


HE word micromeritics has been 
proposed to cover the technology of 
small particles ranging from 10° to 
1 cm. These are larger than the usual 
colloidal particles, and they constitute 
so many systems to be found in tech 
nological practice that this realm is 
steadily developing into a separate 
science. Mr. Dallavalle deals with the 
physical properties of such systems and 
gives a useful treatment of the varied 
instances in which they are to be found, 
The author has enlarged the work 
in its second edition by some 180 pages, 


and has made very extensive and 
critical revisions. 
Particle technology involves’ the 


determination of the particle size, 
shape, surface-area and volume as well 
as the state of packing and reaction 
to pressure. This leads to a study of 
the behaviour of particulate matter to 
heat, electric fields, optical and_sonic 
effects, chemical reaction and absorp- 
tion phenomena. 

The practical consequences of these 
effects is shown up in a wide variety of 
processes: e.g., grinding operations, 
filtration, sedimentation, transport of 


particles by flow. Industrial dust 
clouds and powder mixtures are 
successfully treated by electrical, 
electrostatic conductance, and pyro- 


electric precipitation. The s ag 
combustion of dust particles in the 
atmosphere of flour mills at the like 
is an ever-present fire and explosion 
hazard. 

All such processes are demanding 
control, and it is here that the elec- 
tronic engineer can make useful contri- 
butions. Improvements in the electron 
microscope which permit of direct 
measurements of particles, would be of 
especial value. 

Some _ interesting observations are 
recorded in the section devoted to the 
electrification of dust particles in air, 
the electrical conductivity of pressed 
powders, and the magnetisation of 
finely divided magnetite. 

The author has done a good service 
in bringing together the varied factors 
involved in a_ study of particular 
systems. The usefulness of the book 
could, however, be enhanced by a still 
more detailed index. 


S. R. Carrer 
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The Inst. of Electrical Engineers 


All meetings, unless otherwise speci- 
fied, are held at the Institution of 
Electrical Engineers, Savoy Place, 
London, W.C.2. 


Measurements Section 


Date: 


Lecture : 
lems.”’ 


By: Professor G. W. O. Howe, D.Sc., 
LI.D. 


May 3. Time: 5.80 p.m. 


** Some Electromagnetic Prob- 


Education Discussion Circle Meeting 
Date: May 9. 6 p.m. 


Discussion: Graphical Methods in 
Teaching Electrical Engineering (in- 
cluding Radio). 


Opened by: S. N. 
B.Sc.(Eng.) 


Time: 


Ray, M.Sc., 
Ordinary Meeting 

May 12. 

Annual General Meeting. 


The Secretary: The 
Electrical Engineers, 
London, W.C.2. 


Date: Time: 5.30 p.m. 


Institution — of 
Savoy Place, 


Cambridge Radio Group 


Date: May 10. Time: 6 p.m. 
Held at: Cambridgeshire Technical 
College. 


Lecture: ‘‘ Magnetic Amplifiers.’’ 


By: A. G. Milnes, M.Sc.(Eng.). 

Hon, Secretary: G. E. Middleton, M.A., 
University Engineering Laboratory, 
Cambridge. 


North Midland Centre 


Date: May 10. Time: 6.30 p.m, 


Held at: Yorkshire Eleztricity Board 
Offices, 1 Whitehall Road, Leeds. 


Annual General Meeting and Visit of 
President, 


Hon. Secretary: H. S. Moody, The 
Yorkshire Electricity Board, Manor 
Farm, Bramhope, Leeds. 

North-Western Centre 
Date: May 3. Time: 


Held at: Engineer’s 
Square, Manchester. 


6.15 p.m. 
Club, Albert 


Annual General Meeting. 


Hon. Secretary: A. L. Green, 244 
Brantingham Road, Chorlton-cum- 
Hardy, Manchester, 21. 


Electronic Engineering 


‘ 


Northern Ireland Centre | 

Date: May 24. Time: 6.45 p.m. 

Held at: Queen’s University, Belfast. 

Annual Generai Meeting. 

Hon. Secretary: J. K. Carrothers, 2 

Abbeydale Park, Ballysillan, Belfast. 

South Midland Centre 

Date: May 2. Time: 6 p.m. 

Held at: James Watt Memorial Insti- 


tute, Great Charles Street, Birming- 
ham. 
Lecture: 
fiers.”’ 
By : Professor N. F. Moti, M.A., F.R.S. 
Hon. Secretary: H. Hooper, British 
Electricity Authority, 583 Wake Green 
Road, Moseley, Birmingham, 13. 


** Semi-Conductors and Recti- 


Southern Centre 

Date: May 4. Time: 6.30 p.m. 

Held at: City Council Chambers, 
Clarence Parade, Portsmouth. 

Annual General Meeting. 

Lecture: ‘‘ Overhead Line 
tions.”’ 

By: H. W. Grimmit. 

Hon. Secretary: W. M. Read, The 
Oaks, Ashurst, Southampton, 


Regula- 


lrish Branch 
Date: May 19. Time: 6 p.m. 
Held at: Trinity College, Dublin. 
Annual General Meeting. 
Hon. Secretary: R. N. Eaton, 42 
Jame’s Street, Dublin. 


The Institution of Electronics 


Date: May 18. Time: 7 p.m. 

Held at: Chamber of Commerce, New 
Street, Birmingham. 

Lecture: ‘‘Some Applications of 
Electronics.”’ 


By: Professor T. Sayer, M.Sc., Ph.D. 


Hon. Secretary: A. A. Barber, “‘ New- 
lyn,”’ Fiery Hill Road, Barnt Green, 
Worcestershire. 


North West Section 
Date: May 26. Time: 6.30 p.m. 


Held at: Reynolds Hall, College of 
Technology, Manchester. 


Lecture: ‘‘ Radio Astronomy.” 
By: Dr. A. C. B. Lovell, O.B.E. 


The Secretary: L. F. Berry, 105 Birch 
Avenue, Chadderton, Lancs. 


Institution of Post Office Engineers 


Date: May 3, Time: 5 p.m. 


Held at: Anstitution of Electrical Engi- 
neers, Savoy Place, Victoria Embank- 
ment, London, W.C.2. 


MEETINGS 
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Annual General Meeting. 


Lecture: ‘‘ The Scientific Work of the 
Post Office.’ 


By: - Dn LL. Es 
M.I.E.E. 
Local Secretary: W.H.Fox,A.M.L.E.E.., 


Engineer-in-Chief’s Office Cr, P. 
Branch), Alder House, London, E.C.1. 


Ryall, Ph.D., B.Sc., 


British Institution of Radio Engineers 
Merseyside Section 

Date; May 4, Time: 

Held at: The Incorporated Accountants 
Hall, Derby Square, Liverpool, 2 

Lecture: ‘‘ The Measurement of F.M. 
Transmitter Performance.”’ 

By: D. R. Willis. 

Secretary: J. Gledhill, B.Sc., 123 
Portelet Road, Liverpool, 18. 


7 p.m. 


North Western Section 
Date: May 5. 
Held at: College of Technology, Sack- 
ville Street, Manchester 1. 
io “Ceramic Capacitors.”’ 
y: W. G. Roberts, B.Sc.(Eng.). 


public G. T. Y. Stennett, 128 
Parrswood Road South, East ‘Dids- 
bury, Manchester, 20. 


Time: 6.45 p.m. 


North Eastern Section 


Date: May 11, Time: 6 p.m. 


Held at: Neville Hall, Westgate Road, 
Newcastle-on-Tyne. 


Annual General Meeting. 


Chairman: A. S. Dunstan, 26 Denewell 
Avenue, High Heaton, Newcastle-on- 
Tyne. 


The Television Society 
Main Society and Programme Group 


Date: May 5. Time: 7 p.m. 

Held at: C.E.A., 164 Shaftesbury 
Avenue, London, W.C.2. 

General Discussion on_ Television Pro- 
grammes, with Cecil McGivern, Direc- 
tor of Television Programmes at 
Alexandra Palace. 


Constructors Group 


Date: May 12. Time’: 7 p.m. 

Held at: C.E.A., 164 Shaftesbury 
Avenue, London, W.C.2. 

Lecture: ‘‘ Some Devices for Reducing 
the Effects of Interference and Fading 
on Television Pictures.’ 


By: D. McMullan, B.A. 
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An Instrument for the Measurement 
and Time Integration of Small Voltages 
and Currents) 

(I. A. D. Lewis, A. C. Clark) 


The instrument described may be 
used for the simultaneous measurement 
and time integration of potentials vary- 
ing between 0 and 0.5 V_ with an 
accuracy of 3 per cent. The instrument 
has a high input impedance and can 
be used for measurement of currents 
down to 0.01 “A full-scale deflection. 
Currents are read on a microammeter 
and time integration results are ob- 
tained as counts on a standard Post 
Office call register. A detailed analysis 
of the Miller type of integrating circuit 
has shown that, when a larger value 
of input potential (say 10 V) is avail- 
able, an accuracy of within 0.2 per 
cent is expected over most of the range. 
This has been verified experimentally 


(Authors’ abstract.) 

Illustrated by one diagram, one 

graph, seven references, 

—J. Sci. Instrum., March, 1949, 
pp. 80-84.* 


High Frequency Absorption 
Phenomena in Liquids and Solids 
(W. Jackson, J. A. Saxton) 


Extension of the electrical frequency 
spectrum beyond 10" c/s opens up a 
new field of dielectric study. This 
paper discusses briefly the work on 
quid and solid dielectric substances 
carried out during the war when the 
emphasis was on substances of technical 
importance, e.g., polythene, water and 
ice, and during the immediate post-war 
period when a fuller attempt was made 
to study the scientific significance of 
this data, and also to supplement it 
with measurements on simpler systems. 
This work has revealed the limitations 
of existing theories of dipolar absorp- 
tion in liquids and solids and refers to 
the possibility of observing resonancc 
absorption effects in solids in the micro- 
wave region. (From authors’ abstract.) 

Illustrated by six graphs, 17 refer- 
ences, 

—Proc. I.E.E., March, 

80.* 


A Method of Measuring Very High 
Speed Transient Currents 


(A. M. Zarem, F. R. Marshall) 


A deflection coil suitable for use in 
measuring very high speed transient 
currents is described, When used with 
a type 912 cathode-ray tube operated 
at a 15.000 volt accelerating potential, 
this coil provided a spot deflection of 
1 in. at approximately 50 amperes of 
current. A mutual inductance device 
was constructed to extend the range of 
measurement of the deflection coil. 
The current under study is allowed to 


1949, pp.77- 


flow in one coil, and the other coil is 
connected to the deflection coil. 
Results are given of an analysis of the 
ca mgr response of such a _ circuit, 
taking into account increased losses 
caused by the transient skin effect. 
Accurate design of a transformer and 
deflection coil system to meet specific 
requirements is facilitated by the 
analysis. (From authors’ abstract.) 
Illustrated by two photographs. 
—Rev. Sci. Instrum., February, 1949, 
pp. 133-134.* 


A Storage System for Use with Binary 
Digital Computing Machines 


(F. C. Williams, T. Kilburn) 


The requirements for digital com- 
puting machines of large storage 
capacity have led to the development 
of a storage system in which the digits 
are represented by a charge pattern on 
the screen of a_cathode-ray tube. 
Initial tests have been confined to com- 
mercial tubes. Short term memory of 
the order of 0.2 sec. is provided by the 
insulating properties of the screen 
material. Long term memory is ob- 
tained by regenerating the charge 
pattern at a frequency greater than 
5c/s. The regeneration makes accurate 
stabilisation of the position of the 
charge pattern on the c.r. tube un- 
necesssary. The properties required of 
a storage system and its operation, as 
part of a machine, are stated. (From 
authors’ abstract.) 

Illustrated by two photographs, 12 


diagrams, 23 graphs, 11 references. 
—Proc. I.E.E., March, 1949, pp. 81 
100.* 
A Note on Analogue Computer 
Design 


(J. A. Bronzo, H. G. Cohen) 


A method is proposed for the s‘mpli- 
fication of computers designed to solve 
certain types of partial differential 
equations. The equations are those in 
which the spatial derivatives may be 
replaced by finite difference expres- 
sions. The resulting _difference- 
differential equations are reformulated 
as a system of linear simultaneous 
equations by making use of La Place 
transforms, and matrix notation is 
introduced. By applying a similarity 
transformation to the matrix a new 
system is obtained which lends itself 
more readily to the construction of an 
analogue. As an example, the analogue 
of the equation of the vibrating string 
with fixed ends is discussed. (Authors’ 
abstract.) 

Illustrated by four references. 

—Rev. Sci. Instrum., February, 1949, 

pp. 101-102.* 


Measurements of the Mechanical 
Properties of Polymer Solutions by 
Electromagnetic Transducers 


(T. L. Smith, D. Ferry and F. W. Schremp) 


A concentrated polymer solution is 
sheared by a rod oscillating axially with 
a very small amplitude in a closed tube. 
The rod is driven by a coil in a mag- 
netic field; from electrical measurements 
on the coil, the mechanical resistance 
and reactance of the system are cal 
culated by transducer relationships. 
Equations are given for obtaining the 
dynamic viscosity, 7’, and rigidity, G’, 
of the solution. In the case of some 
polymer solutions, the audio frequency 
range covered by the present appara 
tus falls in the dispersion zone where 
n and G’, change rapidly with fre 
quency. In the other cases the fre- 
quency range covered appears to be at 
the upper end of the dispersion zone; 
7’ is far smaller than the viscosity in 
steady flow, and G’ changes very little 
with frequency. (Authors’ abstract.) 


Illustrated by four diagrams, six 
graphs, one table, 20 references. 
—J. Appl. Phys., February, 1949, 


pp. 144-153.* 


Exposure Meter for Precision Light 
Dosage 


(H. F. Launer) 


The exposure meter is an electronic 
device of the type in which a photo- 
tube charges a capacitor to the firing 
voltage of a trigger tube, whose pulse 
is amplified by a thyratron. The 
device has been adapted to high 
intensity sources and is used for the 
regulaton of carbon arc light dosage in 
the standardisation of light-sensitive 
paper at the National Bureau of Stan- 
dards, Two instruments simultaneously 
viewing a_ gradually ageing mono- 
chromatic source gave count values 
whose ratios showed a coefficient of 
variation of 0.32 per cent in two weeks 
of continuous measurement. One 
instrument was tested for suitability 
of application by comparing counts with 
reflectance changes of light-sensitive 
paper under arc exposure. The instru- 
ment was later used to test the vari- 
ability of the uranyl oxalate actino 
meter, (From author’s abstract.) 


Illustrated by one photograph, 
diagram, four tables. 
—Rev. Sci. Instrum., February, 1949, 
pp.103-109.* 


one 








° “Abstract ‘supplied by courtesy of Metropolitan- 
Vickers Electrical Co. Ltd. Trafford Park, Manchester 
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The robust all-mains operated high vacuum’ gauges 


illustrated are sensitive, dir 


instruments, having a range normally associated with 
the Thermionic Ionisation Gauge, but possessing character- 
istics which render it a valuable and useful alternative to 


the latter. 


Other important advantages include : 
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EDWARDS 
Philips-Type Cold 
Cathode lonisation Gauge 


RANGE: 5x 1073 to 10°75 mm Hg. 





BENCH TYPE, Model 3 


ect and continuously indicating 


@ General robustness of instrument and gauge head PANEL MOUNTING TYPE, ~ y 


@ Ability to withstand accidental exposure to 
atmospheric pressure without permanent injury 


4 
Model 3 f 


... For Better Vacuum Service... 


@ No hot filament to burn out 


@ No special outgassing treatment required W. EDWARDS & CO. (London) LTD. 
@ No skilled adjustments required LOWER SYDENHAM, LONDON, S.E.26 


@ “Set Voltage” facility for greater accuracy 


Telephone : SYDenham 7026 (5 lines) 
Telegram : EDCOHIVAC, Phone London 











ELECTROMETER — VOLTMETER 


A sensitive 


ELECTROMETER 
with input resistance 
of 10! ohms and 


input capacitance less 


than | pF. 


A robust D.C. 

VOLTMETER with 
First-Grade Accuracy 
0 — 50 — 100 — 500 V 
Wide electronic 


applications. 





Measures electrostatic potentials : Verysmallcurrents : Very high resistances 


This instrument is based on the Farmer Cathode-follower circuit and uses an electrometer valve. 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone : DARTFORD 2989 
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Electrical Standards for 


INEXPENSIVE} Research and_ Industry 
DIRECT READING Testing and Measuring Apparatus 
DECADE STABLE MICA CONDENSERS FOR COMMUNICATION ENGINEERING 


50 wuF to 1.0 uF 


(continuously variable) 


DIRECT READING ACCURACY... 0.59% 
PERMANENCE .... oe “ee ae 0.1°, 
MAY BE CERTIFIED TO _... aS 0.1% 





n addition to the well-known Precision and Laboratory 
grades of Sullivan Decade Mica Condensers we have 
introduced a new Inexpensive Series especially 
designed for use in Colleges and for the more 
ordinary Routine Testing and Industrial Research. 


Suitable for use at Low and 
High Frequencies 


H. W. SULLIVAN 
LIMITED 
LONDON, S.E.15 









LOW TEMPERATURE COEFFICIENT 
PROTECTION FROM THE EFFECTS OF 

HUMIDITY 
SUITABLE FOR USE IN TROPICAL 
CLIMATES 


Telephone - New Cross 3225 (P.B.X.) 














AN ANNOUNCEMENT 
OF EXCEPTIONAL 
INTEREST .... 


The FOX HELICAL POTENTIOMETER 
type PXF 5/H 10 is now avail- 
able for general release to the 
Electronic Industry 





BRIEF 

SPECIFICATION 

Resistance range, 20 ohms to 50 K. ohms. Write for full details to :— 

Helical turns 10. 

Rotation, 3,600°. P. xX. |X) ox LIMITED 
Number of wire turns, 2,000 to 12,000. TOROIDAL POTENTIOMETER SPECIALISTS 
Wattage, 5. HORSFORTH, YORKSHIRE, ENGLAND. 


Telephone: Horsforth 2831/2. - Telegrams: ‘‘ Toroidal, Leeds.”’ 


n.d.h. 
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There is a reason for the knot 


—is there not? 





The knot serves firstly to remind you to 
write for details of Delaflex — the insulating 
sleeving that commends itself to so many 
leading set makers. Secondly, it is a good 
demonstration of the flexibility of Delaflex, 
which comes in various single and multiple 
colours and in diameters from 0.5 mm 
upwards. 

Materials: Varnished Cotton, Varnished 
Art. Silk (Rayon) and Rolled Silk with 


optional metal screening. 


* May we send you full particulars ? 


DELAFLEX 
insulated sleevings 
Thomas De La Rue & Co. Ltd., Plastics Division 


Imperial House, 84-86 Regent Street, London, W.1 
Telephone No: Regent 2901 
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NILO K 
for seals in 
medium-hard 
boro-silicate 
glasses. 


NILO 48 
for thermostats 
operating up to 
450°C, and seals 
in certain soft 


glasses. 


NILO 42 


for oven ther- 
mostats, lead-in 
wires for lamps 
and valves. 


NILO 36 


for clock pendu- 
lums, precision 
gauges, survey- 
ors’ tapes, etc. 








IND/2/49 


The Nilo alloys are nickel-iron and nickel- 
cobait-iron alloys with small controlled coefficients of 
thermal expansion. 

Nilo 36 has a coefficient of expansion approaching zero at 
atmospheric temperatures. 

Nilo 42 has a slightly higher expansion, but it holds this 
figure at higher temperatures than Nilo 36. 

Nilo 48 has a coefficient of thermal expansion similar to that 
of certain soft glasses, and may be used at temperatures up 
to about 450°C. 

Nilo K has a coefficient of thermal expansion similar to that 
of medium-hard boro-silicate glasses. These glasses, 
having good thermal shock resistance, are widely used in 
the construction of electronic equipment. 


*Nilo is a registered trade mark. 


For further particulars, write to... 


HENRY WIGGIN & CO. LTD 
WIGGIN STREET, BIRMINGHAM, 16 


36/HA/! 
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Type 622 A 


AN instrument for the 
determination of “Q” and 
related R.F. measurements 
by resonance methods in the 
range 50 Kc/s. to 75 Mc/s. 
A special model for routine 
workshop use is also available. 


Full technical data from: 











DAWE INSTRUMENTS LTD., 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 EALING 6215 





THE OSCILLOSCOPE FOR EVERY INDUSTRIAL PURPOSE. 


10 Me/S. 


UINJIT] ——20sc.-€B~ apse 
Oscilloscope o-. 


VERY Oscilloscope requirement for 

Industrial Research or Production 
can be satisfied by the comprehensive 
range of UNIT Amplifiers and Time 
Bases. All instruments are immediately 
interchangeable without loose wires or 
the use of tools and many can be used 
independently of the Oscilloscope. Full 
details will be sent by return of post. 

















Also available : — 


D.C. Amplifiers, medium and high gain. Extra low / d. ° 4 h 
frequency time base. Circular or spiral heptode time “v 1 a f C y, AY (} 
base. Voltage calibrator. 
LABORATORIES 


LYDIATE ASH - NEAR BROMSGROVE - WORCS. ae 








na gape 
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MINIRACK 





COMPLETE CATHODE - RAY 
OSCILLOGRAPH EQUIPMENTS 


@ Single and Multi-channel 

@ F.M. Amplifiers 

@ A.C. and D.C. 
Amplifiers 

@ Time-Bases 

@ Time-Markers 


@ Recording Cameras 































@ Pressure and 
Vibration pick-ups 


We make a wide range of 
tandard equip ts to suit all 
purposes. 


PLEASE WRITE FOR DETAILS 





Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 
LIMITED 
FERNHILL, HAWLEY 


CAMBERLEY, SURREY 
Phone: Camberley 1741 








LD te ||| ||| |)! | 


CS: 


WITT eddie Pi 


Metallized 





_ 
| CERAMIC Pe ag 
Te 

: FLASHOVER KV DC (TOP) 
FLAS ———— 
| estes rmetic Seals guarantees 








f C He 
The new range of Us ve 
air and moisture-tight sealing even with perman 


pressure differences of up to 20 Ibs. A ner 
developed metallizing technique ensures = oe 
adhesion between metal coating and — = 
d permits soldering at temperatures oe 
220°C and 310°C. Full particulars “ Sah — 
rrent carrying capacity an 
pps ede yraar are available on request. 





Hermetic 


SEALS 
* 


UNITED INSULATOR CO. LTD. OAKGROFT RD. TOLWORTH SURBITON SURREY 


j Telephone; Elmbridge 5241 (6 lines) Telegrams ; Calanel, Surbiton 


BOTTOM 


VER (KV RMS) 
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Of Interest 
TO ALL ELECTRICAL AND 
WIRELESS ENGINEERS 





THIS BOOK dealing with the magnetic 
properties of the nickel-iron alloys 
will be sent free on request. 

It contains information on: 


1. NON-MAGNETIC AND WEAKLY-MAGNETIC ALLOYS 


Non - magnetic ferrous engineering materials — 
Temperature compensation alloys. 





2. HIGH PERMEABILITY NICKEL-IRON ALLOYS 

General and historical—Early uses : cable loading 
— Further development: transformers, screens, 
dust-cores, etc., radar, specialized alloys. 





3. MAGNETOSTRICTION 
General — Echo sounding — Frequency control. 





4. PERMANENT MAGNETS 
Development: Alni, Alnico, Alcomax—Properties 
—Sintered magnets—Applications—Ductile alloys. 





Application should be made to : 





THE MOND NICKEL 
COMPANY LIMITED) 








Sunderland House, Curzon Street, 
i London, W.1 





12/QA/3 
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TELCON Anti-Microphonic CABLES 
materially assist in the successful design of 
electronic instruments intended for the 
measurement of minute currents of the 
order of 10°!° amps. Details of this range 
of ‘Gee’ cables may be had on application. 


Founded 1864 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wall 3141 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 3291 





The Greatest Advance yet ! 





100 Kc/s to 100 Mc/s 


ON FUNDAMENTALS 





Range: 100 Kc/s.—100 Mc/s 
in 6 bands. 

Frequency: Guaranteed within 
+1% 


* 
Output: Approx. | volt 
unattenuated and variable from 
1 pV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3pV at 
100 Mc/s. 

Illuminated Dial: Total scale 
length, 30 in. 

Power Supply: 100 — 210 — 
230 — 250 volts. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide x 8 in. deep. 
Weight: 15 /b. 








The new Advance Signal Generator, 
Type E.2, has all the advantages of 
the popular Model | plus a greatly 
extended range to cover the Bir- 
mingham Television frequencies. 
The wider range, 100 Ke/s. to 
100 Mc/s., gives greater scope for 
advanced experimental work than 
ever before. 


Send for fully descriptive leaflet. 


ADVANCE COMPONENTS LTD., 
Back Road, Shernhall 


SIGNAL 


Street, 


In common with the earlier model 
the new generator offers an instru- 
ment of laboratory standard at a 
price within the reach of moderate 
purses. The remarkable high 
frequency accuracy of +1% extends 
over the whole range. 


NAVAN E sor 


GENERATOR 





Walthamstow, 


Tel. : LARkswood 4366/7/8 





London, E.17 
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Model 44 SUBSTANDARD 


MULTI-RANGE METER 






A self-contained 
precision instrument for 
general laboratory use 
and for calibrating first 
grade single and multi- 
range meters. The 
accuracy on the 44 ranges 
is Substandard on d.c. 
and within + 0.5°. on a.c. 
hese meters are made 
with the greatest care and 
have been supplied for a 
number of years to the 
leading laboratories at 
home and abroad. 

















ELECTRONIC INSTRUMENTS LTD 


17 PARADISE ROAD + RICHMOND - SURREY 














Visitors to our stand 
will be interested in the 
development of Victoria 
instruments during the 
past twelve months. 
New, advanced instru- 
ments and_ their 
applications will be 
demonstrated, and 





technicians will be 


SQUARE FLANGE METERS 


at hand for advice on 
*. 4” 3 . 

any matters relating to aus Gace e 
our products. required. 
RANGES : 
A.C. From 1V-l0kV 

25 A-100 Amps. 
D.C. From 5mV-l0kV 

5 A-5000 Amps. 


B.1.F. OLYMPIA 
Stand No. C.52 


VICTORIA INSTRUMENTS 


Proprietors: V.1.C. (Bournemouth) Ltd. 


MIDLAND TERRACE * LONDON « N.W.10 
Telephone: ELGar 7871/2 
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D.C. Oscilloscope 
1684D/2 





AN EXAMPLE from the Furzehill range of fine 
instruments is this high-grade oscilloscope for industrial 
radio and television applications. Both axes have 
identical d.c. coupled high sensitivity amplifiers with 
symmetrical inputs and a level frequency characteristic from 
Zero to 3 Mc/s. Particularly valuable features are the 
instantaneous action of the shift controls, expansion of the 
time-base scan from } to 5 screen diameters, negligible 
phase shift in the amplifiers and automatic amplitude- 
limited synchronisation. 


For full details of this, and other instruments in the Furzehill 
range, write for our new illustrated catalogue. 








FURZENTLL LABORATORIES LTO., 
BOREHAM WOOD, HERTS. ELScree 1137 
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ALL-POWER 
CONSTANT VOLTAGE POWER SUPPLIES 





SPECIAL LABORATORY UNITS 





This forward mounting Rack Unit, illustrated 
with cover removed, provides a constant output 
voltage of 300 D.C. at any current up to 600 mA. 
The output impedance is a fraction of an Ohm, 
and the residual output ripple is less than 2 mV. 


This is only one of the many special Power 
Supply Units we are making to customers’ 
requirements. 


ALL-POWER TRANSFORMERS LTD. 


Instrument Dept., Chertsey Road, Byfleet, Surrey. 
Tel. Byfleet 3224-5. 





























TELE-RADIO (1943) LTD, 


I: 177, EDGWARE ROAD, 
3 PADDINGTON, W.2. 


LTD 


ECHOPHONE £EC2_ Semi-communication Receiver, 
8 valves, | R.F. stage, B.F.O. Noise Limiter, 3 wave- Sound Sales Rubber Mats, 12 in. 
bands, 550 Kc/s.-30 Mc/s. Complete with loudspeaker Garrard Record-Changer RC65 Lightweight High Fidelity 





Head. 8 records mixed (10 inch or 12 inc h) 
Taylor Valve Tester, Model 45A oe i Ex aay Heyy “S$ "’ Gram Unit, ie shan with Pick-up and 
“AVVO” High Resistance Meter. D.C. volts 20,000 me = 


ohmsjvolt. D.C. voltage range 2.5V.-2,500V. A.C. Plessey Automatic Record Changer aes ses - 
volts 1,000 ohms/volt. A.C. 10V.-2,500V. ; he Plessey Record myer, with ain or 12-in. benassi 


**AVO "’ Capacity Bridge Selection Switch 
Collard Model RP49, with “Pick -up induction Motor, 


ae AVO " Signal Generator, 50  Kele8 80 Meis 100/130V. and 200/250. A.C. Automatic Stop and 
ar 


“ AVO " Model 7 Universal Meter ... ts mp ca Wharfdale Golden Seesien, 3 or 15 preres 
GRAMOPHONE PICK-UPS Wharfdale, Cross-over Unit .. a Ror 
Book on Loud Speakers by G. ‘A. Briggs 


Multi-Ratio Output ig sare 5 watts I- 15 ohms 
SEC Type GP8 ve : oe as 


Type ‘‘P’’ 4 Ratios 5 watts... 
Universal, 6 Ratios 


Thrush Capacity Bridge (to clear) . 


Connoisseur 

Shefi De Luxe ... 

Shefi Model S ... 

Rothermel Senior Crystal 

Rothermel UI8 Crystal 

Sound Sales Tone Control Unit Tcl” x 
Sound Sales 6-watt High Fidelity Amplifier, A. c. 
Sound Sales Radio Feeder Unit 


Sound Sales peneagnetic. se for Collaro or 
Garrard Motors 


1949 Catalogue available, 9d. post free. 
Shop Hours: Monday-Saturday, 9 a.m. to 5.30 p.m. 


hursday, 9 a.m. to | p.m. 
’Phone: AMB. 5393 
PAD. 6116 
AD. 5606 


eee 


@ewe-www a 
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Maximum sensitivity with unt- 
form frequency response from a 
more compact speaker, appreci- 
ably reduced in weight—that is 
what Rola technicians have 
achieved with the new G.12. 
Special features include dust- 
proof suspension completely 
protecting coil and magnet gap 
and the powerful Alcomax || 
magnet. Write for details and 
also for particulars, of Rola 
3” and 4” P.M. models, dust- 
proofed and equipped with 
Alcomax || magnets. 
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BRITISH ROLA LTD., FERRY WORKS, SUMMER RD., THAMES DITTON, SURREY S) p e a e r 3 
Telephone: EMBerbrook 3402 (5 lines) 


















































Bridge without sighs. The Marconi Universal Bridge never dis- 


appoints. Ingenuity in design without complexity in use contributes to an impressive 


performance. Only one dial is required for direct L C and R measurements — cleverly 
co-ordinated with the range selector, it operates without risk of confusion or dependence 
on multiplying factors. 

The Universal Bridge, type TF.868, measures inductance 
and capacitance — at 1,000 c/s — between 1H and 100H 
or luuF and 100,F ; the d.c. resistance range is 0.1 to 
10M. Essentially for every-day use, no attempt has been 
made to specialise. This policy is reflected in the selling 
price, which unlike the instrument, is extremely conservative, 


MARCONI INSTRUMENTS LTD 


ST. ALBANS, HERTS. Telephone: St. Albans 6161/5 GW, 
Northern Office: 30 Albion Street, Hull. Western Office: 10 Portview Bap EP Al 





Road, Avonmouth. Southern Office & Showrooms: 109 Eaton 


Square, London, S.W.I. Midland Office: 19 The Parade, CB Spe 7 6g 


Leamington Spa. 
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THE NEW 
STANDARD RANGE 


OF 
SOMERFORD 


E. w ole 
TRANSFORMERS 


Fluid insulation combined with 
hermetic sealing enable us to 
set a new standard of efficiency 
and performance in high voltage 
low current transformers. Avail- 
able in ratings of 1000-5000 
volts at 5 mA with rectifier 
and cathode ray tube heater 








windings. The most reliable 

component for television power 

packs. ards s§ 
APPLIE 

% Write for the Leaflet to-day Aad 
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PULLIN 


Multi-Range Test Set 
Series 100 


A Service Engineers’ Universal 
Testing Set, with sensitivity of 10,000 
ohms per volt. Strong metal case 
with carrying handle—complete 
with leads having detachable bull- 
dog clips and test prods. Ranges: 


AC/DC Volts: 10, 25, 100, 250, 500 
1,000. 


D.C. Milliamps: 2.5, 10, 25, 100, 500. 

AC/DC Microamps: 100 Microamps 
on the IOV range. 

Resistance ranges: 0.1 Meg. (13,000 
ohms mid-scale), 0/10,000 ohms 
(135 ohms mid-scale). 


Size 9” x 53° x 4”. Price £10-10s. 


=< 


Address all inquiries to:— 


MEASURING INSTRUMENTS (PULLIN) LTD. 


DEPT. E, ELECTRIN WORKS, WINCHESTER ST., LONDON, W.3 
7 TELEPHONE : ACOrn 4651/3 and 4995 
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Chctiical CO ctoul Shows 
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TELEPHONE BRADFORD 24902 


R.R. DEVELOPMENT LABORATORIES LTD 
BARNARD RD . BRADFORD . YORKSHIRE 


We can give early deliveries— 
write for details :— 
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ELECTRONIC 
EQUIPMENT 
FOR INDUSTRY 


This automatic control equipment for sugar 
refining machinery represents one of the many 
installations of electronic equipment made by 
B.E.P. which are contributory to industrial 
efficiency. 


The unit illustrated controls four operations 
on each of a battery of 12 centrifuges and, 
operating 24 hours a day, shows a very 
considerable manpower saving. 


Our specialist staff of engineers will be 
pleased to advise you on the use of electronics 
in your industry. 


Our standard manufactures include elec- 
tronic motor control equipment regulators 
for voltage, current and speed, tension and 
register control, photoelectric equipment 
process times ignitron welding controls, etc. 








BRITISH ELECTRONIC PRODUCTS (1948) LTD. 
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From all 
points of 


view... 
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.... the Nagard Universal Mounting is a “‘ must ” for 
Oscillograph users. With it, there are no parallax 
errors when viewing the CRT screen since easy vertical 
and horizontal movements bring the axis of the CRT 
to your viewing position. No need to improvise tilts 
and no straining to lift the Oscillograph. 

The Nagard Universal Mounting increases accuracy of 
observations and adds comfort to working conditions. 
Suitable for all makes of portable oscillographs. 


NAGARD 


UNIVERSAL OSCILLOGRAPH MOUNTING 


(Patents Pending) 

Write or phone for descriptive leaflet to : 
NAGARD LTD., 245, Brixton Rd., London, S.W.9- 
Telegraphic Address: ““INTERTEL, 


Telephone : Brixton 3550 CLAPROAD, LONDON” 
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f Aeriatite 

| Televisicn Aerials are 
being installed as fast as they can 

be produced. Of good technical de- 
sign, robust construction, and easy to 
get, every Aerialite aerial will give 
clear, sharp, steady pictures, 

Jf} with ‘never a ‘‘.ghost.’’ Send 

- for illustrated booklet giving 


- oe 


VISION AERIALS 


pMENT a7 
and EQUIP gti 


NUE 


Mide by: AERIALITE LTD. STALYBRIDGE, CHESHIRE 








PEN STENCILS 


ASK West’s advice on: 






Drawing Office Equipment 
Sensitized Papers 


Blue Prints and Dye Line Prints 





MAY 2-13 
OLYMPIA & 
EARLS COURT 


SEE OUR EXHIBIT 


Stand No. C.118/114 We can help you from start to 
OLYMPIA finish 


A. WEST & PARTNERS LTD, 


36 BROADWAY, WESTMINSTER, S.W.|I 


True-to-scale Prints 


Surveying Equipment 

















THE * FLUXITE 
QUINS’’ AT WORK 


“ Quick ! Look at this" 
shouted EE, 


“* A close-up on soldering, 
SEE? 


And he’s using 
FLUXITE!"’ 
Cried OI “* Now be 


bright 
It's not television. 


IT’S ME!” 


For all SOLDERING work—you need FLU XITE—the paste 
flux—with which even dirty metals are soldered and “tinned.” 
For the jointing cf lead—without solder ; and the “‘ running 
of white metal bearings—without “ tinning ”’ the bearing. 

It is suitable for ALL METALS—excepting ALUMINIUM— 
and can be used with safety on ELECTRICAL and cther 
sensitive apparatus. 


With Fluxite Joints can be “wiped” success- 
fully, that are impossible by any other method 










Used for over 40 years in Government 
Works, and by leading Engineers and Manu- 
facturers. OF ALL IRONMONGERS— 
IN TINS—10d., 1/6 and 3/-. 


ALL MECHANICS 
a simple 


=¢ FLUXITE 


Fred 26 SIMPLIFIES SOLDERING 
filled 26. XT ALL 

Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on “‘ WIPED JOINTS.”’ Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E.1 


The “Flux- 
ite Gun” 
puts Fluxite 
where you 
want it by 
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PLAN YOUR CAREER 


RADIO - TELEVISION and other 
INDUSTRIAL ELECTRONIC subjects 


ELEMENTARY and ADVANCED COURSES 


WRITE NOW FOR FREE BOOKLET summarising 
the careers available in Electronics and giving particulars 
of training courses offered by E.M.I. Institutes Ltd. 
Postal Courses cover such subjects as Television, 
Elementary and Advanced, Radio Theory and Practice, 
Mathematics, Electronics in Industry, etc. 


Suitable special courses for those studying for City 
and Guilds, Brit.I.R.E., I.E.E., etc., are also available. 


E.M.|. INSTITUTES 


Dept. Il, 43 Grove Park Road, Chiswick, London, W.4, 
Telephone : CHIswick 4417/8 


E.M.I. Institutes — backed by the Electronic Organisation which includes 
""H.M.V."', Columbia, Matconiphone, etc 


E,I02B 


Electronic Engineering ie 33 


RELIABILITY 


of H.T. and E.H.T. supplies 
to electronic and television 
equipment. 


FIT AND FORGET 


@)(WESTINGHOUSE|@) 


ESTALITE 


METAL RECTIFIERS 


They ensure a steady, constant, and 
unfailing supply. 





Write for descriptive 
literature and prices 
to DEPT. E.E.5 


WESTINGHOUSE BRAKE & SIGNAL Co. Ltd. 
82 YORK WAY, KING’S CROSS, LONDON, N.| 

















SPELLS TOP VALUE AT LOWEST COST! 


For a reliable team-to-base communication you 
require a reliable equipment and we have it. 


ANNOUNCING 
A NEW MODEL 4-STAGE 1 KW. 
C.W. TELEGRAPH TRANSMITTER. 


Frequency Coverage 3.5 to 16 Mc/s : Crystal Controlled: 
Output Impedance tuned to any aerial impedance 
between -|- 20 and -}- 20,000 ohms: Range up to 3,000 
miles : Easy to operate. Suitable for Speed Telegraphy. 


ALSO AVAILABLE 
3 KW RADIO COMMUNICATION SETS. 


Freq uency Coverage 2 to 20 Mc/s. : Crystal Controlled 


350 W TELEGRAPH TRANSMITTER and 250 W 
TELEPHONY RADIOCOMMUNICATION SET. 
Frequency Coverage: 2 to 20 Mc/s. 

Also smaller sets, receivers and 
transmitters ideal for amateurs. 


Ask for quotation 


ATA SCIENTIFIC PROGRESS LTD., 
76, Warwick Square, London, S.W.1. 
Tel. ViCtoria 4125. 

BC OL OL PPL OOL POP LOeS 
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TAKES UP LESS ROOM 









Made principally of steel 
Steel-preserving electrolyte 
Fully enclosed active , 


STEEL BATTERIES 


materials 
Practically free from self- 
discharge (N.B. Nife batteries are not yet available 


Sor private cars or domestic radio.) 


NIFE BATTERIES * REDDITCH * WORCESTERSHIRE 
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LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 


GENERAL PRECISION ENGINEERS. 
SHERADISING TO THE TRADE. 


ELECTRICAL SOUND & TELEV!SION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!I. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS — ELStree 2138 
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. IMMEDIATE DELIVERY 
Types 600-3000 Relays - Also High Speed ” 


Rotary Selector Switches, Carbon Insets, Balanced Armature Insets, 
Plugs, acks, Condensers, Co-Axial Cables 


JACK DAVIS 
Dept. E.E. 


30 PERCY STREET, LONDON, W.I 


Telephone : MUSeum 7960 





























S_ ENGINEERS 


HAVE YOU HAD YOUR COPY OF 
“ ENGINEERING OPPORTUNITIES ”? 


Whatever your age or experience—you must wed this highly 





informative guide to the best paid goclncess be The teas 
contains particulars of A.M.LC.E., A.! ech E., A 
A.M.LM.L, A.M.Brit.LR.E., and i important er se 


Examinations, and outlines home-study courses in all branches of 

i Mechanical, —? Automobile, Radio and 
Aeronautical Engineering, Government Employment, 
Draughtsmanship, oe and Plastics, Matriculation, etc. 

We Guarantee 
“‘NO PASS — NO FEE ’’ 

If you are earning less thin £10 0 week you cannot afford to miss 
reading “ Engineering Opportunities.” It tells you everything 
you want to know to secure your future. Write for this enlightening 
guide to well paid posts NOW—FREE and without obligation. 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 

















337A, Shakespeare House, 17/19, Stratford Place, London, W.1 














WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


L.T.P. REWIND SERVICE 





ACCESSORIES & COMPONENTS 


All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


RELAYS Enquiries : 
For A.C. and D.C. London Transformer Products Ltd. 
: L.T.P. Works, Cobbold Estate, 
Multiple- h ’ 
cache, tedeed Willesden, London, N.W.10 


Relays, measuring and Telephone WiLlesden 6486 
impulse Relays, mer- 
cury switch Relays, time 


F R h 
Dene. pon HOLIDAY & HEMMERDINGER L"™® 


All guaranteed and at very attractive tories, Colleges, ci dence wcmgpcasne 

prices Send for List. OUST 
We buy good aalere used equip- 
ment of all types for spot cash. 


UNIVERSITY RADIO LTD. 


22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 





























sy es vee | TELEVISION | 

; , electric Relays. | 

Midget Relay ML/C. W ' 

D.C. AMPLIFIERS Ask for leaflets RE/EO 8 me RECEIVER ———— 











WE INVITE YOU TO CALL 
ANY DAY 


High gain(!,000,000 times) | ——— LONDEX LTD. — 


low noise level 


during television transmitting 
time, to see this excellent little 
receiver working. You can make 
this from Government surplus 
radar equipment. Sen 

without delay for the easy-to- 


LINE OUTPUT TRANSFORMERS follow instructional data, All 
and FOCUS COILS stock again, but : 


from stock, tested and approved for use in ORDER WITHOUT DELAY 
Electronic Engineering Televisor af 


36/- each W.D. SALES 
WALPOLE NORMAN ENGINEERING Co. Ltd. 0, Electron House, 


: I , 
12. Neatpetior Vaile. Windmill Hill, Ruislip Manor, Middx. 


Manufacturers of Relays 


207Anerley Rd.London, S.E.20 SYDenham6258 
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Stabilized against 
mains supply variations 
and internal drift 


THE WALLANDER CO. 


3, MEAL MARKET, 
HEXHAM - ON - TYNE. 
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Blackheath, London, S.E.3. 
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Mopern Servicinc MeTHop 





The ‘‘L.S.L.’’ Servicing Method is a combined fault analyser and 
circuit tester; simult pable of indicating all voltage, 
current and resistance on ok valve electrode without removing the 
chassis from the cabinet. Readings can be taken whilst the set is 
under actual operating conditions. The ‘‘L.S.L.’’ Analyser is a 
combination of multi-range instrument and valve tester. 


PRICE : £18 . 18 . 0 Subject. 
THE “LSL” PORTABLE ANALYSER 


* Saves time and trouble. * Greatly increases Profit in the Service 
Department. * Is portable, can be used on the bench or in the home. 
* Is simple to operate. 
















Send for further particulars 


rom the sole distributors: 
fi (great oaitain) Limited 














WARTON ROAD, STRATFORD, LONDON. E£.15, 











Telephone: Maryland 661! AND BRANCHES 











Export Address : 23°26 St. OUNSTANS HILL, E.C3 
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SOLON MODELS \ 





SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. 5 models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 
from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
co. LTD. 
51-53 Hatton Garden, 
London, E.C.1 


ELECTRIC 


SOLDERING IRONS 

















BROWN -E.R.D. 13 inch Portable Disc Recorder 
An important S. G. Brown product 


Brown -£.R.0. 


DISC RECORDER 


Incorporating the latest advances 
in Sound-on-Disc Recording 
Write for interesting brochures presenting full technical 


details of this latest development in Sound-on-Disc record- 
ing. Also 17 inch models for the Professional user. 


S. G. BROWN, LTD., Shakespeare St., WATFORD 


Established in Electro Acoustics and high precision Engin- 
eering for over 40 years. Manufacturers of the world- 
famous ‘ BROWN ' Gyro Compass. 


Telephone : WATFORD 7241. 








EUREKA 


REGD, 


& NICKEL-CHROME 


“RESISTANCE © 
WIRES & TAPES = 





and 


VAC-STEEL 
PLATINUM CLAD 
GAS-FREE NICKEL 


WIRES : TAPES : BARS & MESH 





EXACT TO SPECIFICATION 
——LET US QUOTE YOU_— 





75, ST. SIMON STREET, 
SALFORD, 3, LANCS. 


Telephone : BLACKFRIARS 9831 
Telegrams : VACTITE, SALFORD 
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: LOW LOSS 


CERAMICS 
EIN 


Success through 
constant research 


CAN WE HELP YOU? 


Please ask for pamphlets R.T.1 and R.T.2 


PROMPT DELIVERY 


TAYLOR 
TUNNICLIFF 


(REFRACTORIES) LTD. 


Albion Works, Longton, 
Stoke-on-Trent, Staffs. 


London Office : 
125 High Holborn, W.C.1 


Phones : Stoke-on-Trent 5272 
and Holborn 1951 


T.A.S./T.7.78 

















May, 1949 


~ Now available, the new 


Youre 
Television tube 


Our new T 12/46 12” Television Tube (above) Improved design ensures long life and complete 
upholds the Ferranti tradition of reliability in elimination of ion spots, while the electron gun 
radio engineering. The screen is specially flat, assembly produces a finely-focused spot for 
and gives a bright, pleasantly coloured image. clear definition. 


Ferranti cathode ray tubes 


FERRANTI LTD. MOSTON MANCHESTER 10; and 36 KINGSWAY LONDON WC2 
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